(1 9) Européisches

: Patentamt

European
Patent Office

Office européen

des brevets (11) EP 1103 518 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.

of the grant of the patent: CO01B 3/32(2006.01) HO1M 8/06 (2006.07)
02.03.2011 Bulletin 2011/09 B01J 8/02(2006.07) B01B 1/00 259"
B01J 8/04 (2006.01) B01J 8/06 (2006.01)
inati . B01J 19/24(2006.01) C01B 3/38(2006.01)
(21) Application number: 99928209.8 B01.J 8/08 (200501 5014 8/10 (200607

EP 1103 518 B1

22) Date of filing: 02.07.1999
(22) g (86) International application number:

PCT/JP1999/003603

(87) International publication number:
WO 2000/002812 (20.01.2000 Gazette 2000/03)

(54) APPARATUS FOR REFORMING OF FUEL
VORRICHTUNG ZUR REFORMIERUNG VON BRENNSTOFFEN
APPAREIL DE REFORMAGE DE COMBUSTIBLES

(84) Designated Contracting States: » KINOSHITA, Katsuhiko
ATBECHCYDEDKESFIFRGBGRIEITLILU Toyota-shi
MC NL PT SE Aichi 471-8571 (JP)

¢ NEGISHI, Yoshimasa
Toyota-shi
Aichi 471-8571 (JP)

(30) Priority: 08.07.1998 JP 21035498

(43) Date of publication of application:
30.05.2001 Bulletin 2001/22 (74) Representative: TBK-Patent

Bavariaring 4-6

(73) Proprietor: Toyota Jidosha Kabushiki Kaisha 80336 Miinchen (DE)

Aichi 471-8571 (JP)

(56) References cited:
EP-A- 0 028 023

WO-A-96/19424

EP-A- 0 798 798
FR-A- 2 201 125

(72) Inventors:
* TAKI, Masayoshi

Toyota-shi JP-A-9315801  US-A- 3946 104
Aichi 471-8571 (JP) US-A- 5 567 398
¢ MIZUNO, Seiji
Toyota-shi ¢ MASAYOSHI TAKI ET AL: ’Nenryou denchi you

Aichi 471-8571 (JP)
¢ OZAKI, Toshiaki
Toyota-shi

kogata koukouritsu methanol kaishitsuki no
kaihatsu,(High Efficient and compact Methanol
Reformer for Fuel Cells)’ TOYOTA TECHNICAL
Aichi 471-8571 (JP) REVIEW vol. 47, no. 2, 1997, pages 76 - 81,
« KAWAHARA, Tatsuya XP002926587
Toyota-shi « RECUPERO V. ET AL: ’'Hydrogen generator, via
Aichi 471-8571 (JP) catalytic partial oxidation of methane for fuel
cells’ JOURNAL OF POWER SOURCES vol. 71,
1998, pages 208 - 214, XP002926588

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 1103 518 B1
Description
Technical Field

[0001] The presentinvention relates to afuel reformerdevice, and more specifically a fuel reformer device that produces
a hydrogen rich gas from a hydrocarbon and steam, and a process for performing a steam reforming reaction in a fuel
reformer device.

Background Art

[0002] The fuel reformer device that produces the hydrogen rich gas from a hydrocarbon and steam is a known device
used to supply a gaseous fuel to fuel cells. The fuel cells convert the chemical energy of a fuel into electrical energy not
via mechanical energy or thermal energy but directly, and thus attain a high energy efficiency. In the fuel cells, a gaseous
fuel containing hydrogen is supplied to anodes thereof, whereas an oxidizing gas containing oxygen is supplied to
cathodes thereof. The fuel cells generate an electromotive force through electrochemical reactions proceeding at both
the electrodes. The following equations define the electrochemical reactions proceeding in the fuel cells. Equation (1)
represents a reaction proceeding at the anodes, and Equation (2) represents a reaction proceeding at the cathodes.
The reaction expressed by Equation (3) accordingly proceeds in the fuel cells as a whole.

Hy — 2H* + 2e- (1)
(1/2)0, + 2H* + 2&° = H,0 2)
H2 + (1/2)02 d H20 (3)

[0003] An oxidizing gas and a gaseous fuel containing carbon dioxide are usable in polymer electrolyte fuel cells,
phosphate fuel cells, and molten carbonate electrolyte fuel cells among a diversity of fuel cells, because of the properties
of their electrolytes. In such fuel cells, the air is generally used for the oxidizing gas, and a hydrogen rich gas produced
by steam reforming a hydrocarbon like methanol or natural gas is used for the gaseous fuel. A fuel cells system using
such fuel cells has the fuel reformer device, in which the steam reforming reaction proceeds to produce the gaseous
fuel. The following describes the reforming reaction proceeding inside the fuel reformer device. The description regards
a case using methanol as the hydrocarbon subjected to the reforming reaction. The following equation represents a
reaction of steam reforming methanol:

CH30H + H,0 — CO, + 3H, - 49.5 (kJ/mol) (4)

[0004] As shown by this Equation (4), the steam reforming reaction is endothermic. A supply of thermal energy is
accordingly required for the progress of the reforming reaction. A known method for supplying thermal energy required
for the reforming reaction externally applies heat by means of a burner or a heater installed in the fuel reformer device.
Another known method causes an exothermic oxidation reaction to proceed in addition to the steam reforming reaction
in the fuel reformer device and utilizes the heat generated by the oxidation reaction for the progress of the steam reforming
reaction. Among these known methods, the method of causing the oxidation reaction to proceed in parallel with the
steam reforming reaction in the fuel reformer device is discussed below.

CH3OH + (1/2)0, — CO, + 2H, + 189.5 (kJ/mol) (5)

[0005] Equation (5) represents an example of the oxidation reaction of methanol (partial oxidation reaction). In the
structure that introduces a supply of oxygen into the fuel reformer device and causes the oxidation reaction of methanol
to proceed in parallel with the steam reforming reaction expressed by Equation (4), the thermal energy generated by
the oxidation reaction is utilized for the steam reforming reaction. Regulating the flow rate of oxygen supplied to the fuel
reformer device enables the amount of heat required for the steam reforming reaction to balance the amount of heat
generated by the oxidation reaction. Theoretically the quantity of heat generated by the oxidation reaction may compen-
sate for the quantity of heat required for the steam reforming reaction. Compared with the external heating method, this
method of making the amount of heat generated by the oxidation reaction supply the amount of heat required for the
steam reforming reaction has the less energy loss due to heat dissipation and attains the higher energy efficiency.
Compared with the external heating method, this method simplifies the structure of the fuel reformer device and enables
the size reduction of the whole fuel cells system.

[0006] The method of supplying oxygen as well as methanol and steam to the fuel reformer device and utilizing the
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thermal energy generated by the oxidation reaction for the steam reforming reaction, however, has a drawback, that is,
an uneven temperature distribution inside the fuel reformer device. Fig. 38 is a graph showing a temperature distribution
inside the fuel reformer device that receives supplies of oxygen as well as methanol and steam and causes the oxidation
reaction to proceed in parallel with the steam reforming reaction. When a supply of oxygen is introduced together with
supplies of methanol and steam into the fuel reformer device, since the oxidation reaction has the higher reaction rate
than the steam reforming reaction, the amount of heat generated by the oxidation reaction exceeds the amount of heat
required for the steam reforming reaction on the upper stream side in the fuel reformer unit (that is, the side receiving
a supply of the gas containing methanol, steam, and oxygen). As shown in the graph of Fig. 38, the internal temperature
abruptly rises on the upper stream side to form a peak in the temperature distribution. After the consumption of oxygen
by the oxidation reaction, only the steam reforming reaction proceeds. The internal temperature of the fuel reformer
device thus continuously decreases towards the lower stream side (that is, the side outputting the hydrogen rich gas)
after the peak in the temperature distribution.

[0007] Formation of the peak in the temperature distribution or the excessive temperature rise inside the fuel reformer
device results in some drawbacks, for example, deterioration of the catalyst and formation of by-products. One problem
is deterioration of the catalyst. It is here assumed that a Cu-Zn catalyst is used for the catalyst of accelerating the steam
reforming reaction and the oxidation reaction of methanol. The use of the Cu-Zn catalyst at high temperatures over
300°C lowers the durability of the catalyst and may cause sintering. Sintering is the phenomenon that the catalyst carried
on the surface of the carrier aggregates. The Cu-Zn catalyst is generally formed by dispersing copper fine particles on
the surface of zinc particles. The occurrence of sintering causes the copper fine particles to aggregate and form giant
particles. This phenomenon decreases the surface area of the copper particles and reduces the area of the catalytic
activity, thereby lowering the performance of the fuel reformer device.

[0008] Another problem due to the excessive rise of the catalytic temperature is formation of by-products. A side
reaction other than the normal reforming reaction discussed above occurs in parallel with the reforming reaction at preset
high temperatures to form methane. Gaseous nitrogen included in the supply of the pressurized gas undergoes a side
reaction to produce nitrogen oxides. These by-produces are not decomposed in the temperature range of the reforming
reaction in the fuel reformer device, but are supplied to the fuel cells as part of the gaseous fuel. An increase in quantity
of the by-products like methane unfavorably lowers the hydrogen partial pressure of the gaseous fuel.

[0009] The decrease in internal temperature on the lower stream side of the fuel reformer device disadvantageously
lowers the activity of the steam reforming reaction. The lowered activity of the steam reforming reaction may cause the
non-reformed gas, that is, methanol, to remain and give a resulting gas having an insufficiently low concentration of
hydrogen. In order to ensure the completion of the reforming reaction even under the condition of the low internal
temperature on the lower stream side, a sufficiently large fuel reformer device is required.

[0010] EP 0798798 (A2) is related to the technical field of the present invention. It is described that methanol supplied
as araw fuel is mixed with water, vaporized in an evaporator, and supplied to a reformer as a raw fuel gas. The reformer
also receives a supply of the compressed air from an air tank. The raw fuel gas is mixed with the compressed air in the
reformer. An oxidation reaction of methanol supplied as the raw fuel proceeds in the reformer to generate hydrogen and
carbon dioxide, while a steam reforming reaction of methanol simultaneously proceeds in the reformer to generate
hydrogen and carbon dioxide. The amount of heat required for the endothermic reforming reaction can be supplied by
the oxidation reaction of methanol. No external heat source is accordingly required in the reformer to supply the heat
required for the reforming reaction.

[0011] The object of the present invention is thus to solve such drawbacks and to keep the internal temperature of
the fuel reformer device within a preset temperature range.

Disclosure of the Invention

[0012] The present invention is directed to a fuel reformer device according to claim 1 and a process for performing
a steam reforming reaction in a fuel reformer device according to claim 3. Further preferred embodiments are defined
in the depended claims. The present description further refers to reference fuel reformer devices for explanatory reasons
giving background knowledge. A first fuel reformer device is described in which a steam reforming reaction, which is
endothermic and produces hydrogen from a hydrocarbon and steam, and an oxidation reaction, which is exothermic
and oxidizes the hydrocarbon, proceed and heat generated by the oxidation reaction is utilized for a progress of the
steam reforming reaction. Thefirstfuel reformer device includes: a catalytic section thatincludes a catalyst for accelerating
the steam reforming reaction and the oxidation reaction; a crude fuel gas supply unit that flows a supply of a crude fuel
gas containing the hydrocarbon, steam, and oxygen into the catalytic section; a gaseous fuel output unit that causes a
hydrogenrich gaseous fuel, which is produced through the steam reforming reaction and the oxidation reaction proceeding
in the catalytic section, to be output from the catalytic section; and a gas flow velocity regulation unit that regulates a
flow velocity of the crude fuel gas to be higher in an area on a side receiving the supply of the crude fuel gas than in an
area on a side outputting the gaseous fuel in the catalytic section, so as to enable the heat generated by the oxidation
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reaction proceeding in the area on the side receiving the supply of the crude fuel gas to be sufficiently transmitted to the
area on the side outputting the gaseous fuel.

[0013] In the first fuel reformer device thus constructed, the crude fuel gas containing the hydrocarbon, steam, and
oxygen is supplied to the catalytic section including the catalyst for accelerating the steam reforming reaction and the
oxidation reaction. Both the steam reforming reaction, which is endothermic and produces hydrogen from the hydrocarbon
and steam, and the oxidation reaction, which is exothermic and oxidizes the hydrocarbon, proceed in the catalytic section.
The heat generated by the oxidation reaction is utilized for the progress of the steam reforming reaction. The resulting
hydrogen rich gaseous fuel is output from the catalytic section. In the catalytic section, the flow velocity of the crude fuel
gas is regulated to be higher in the area on the side receiving the supply of the crude fuel gas than in the area on the
side outputting the gaseous fuel. This enables the heat generated by the oxidation reaction occurring in the area on the
side receiving the supply of the crude fuel gas to be sulfficiently transmitted to the area on the side outputting the gaseous
fuel.

[0014] In the fuel reformer device of this configuration, the heat generated by the oxidation reaction occurring in the
area on the side receiving the supply of the crude fuel gas is sufficiently transmitted to the lower stream side. This
effectively prevents an excessive temperature rise in the area on the side receiving the supply of the crude fuel gas.
This arrangement thus prevents the potential problems due to the excessive temperature rise, that is, deterioration of
the catalyst and formation of by-products, and significantly improves the durability of the reformer unit. The heat generated
by the oxidation reaction is sufficiently transmitted to the area on the side outputting the gaseous fuel. This arrangement
ensures the sufficiently high activity of the steam reforming reaction on the lower stream side, thus enabling size reduction
of the fuel reformer device.

[0015] It is not necessary that the hydrocarbon, steam, and oxygen, which constitute the crude fuel gas, are mixed
prior to the supply of the crude fuel gas. At least one component or part of the crude fuel gas may be supplied separately.
The above effects are attained as long as the components of the crude fuel gas, which may not be mixed in advance,
are all supplied from the upper stream side of the catalytic section on the flow of the gas. The catalyst for accelerating
the steam reforming reaction may be identical with or different from the catalyst for accelerating the oxidation reaction.
Namely a single catalyst may be used for accelerating both the steam reforming reaction and the oxidation reaction.
Different catalysts may alternatively be used for respectively accelerating the steam reforming reaction and the oxidation
reaction. In the latter case, it is desirable to sufficiently mix the different catalysts with each other in the reformer unit.
[0016] In the first fuel reformer device, it is preferable that the gas flow velocity regulation unit makes a total sectional
area of a flow path, through which the crude fuel gas flows, smaller on the side receiving the supply of the crude fuel
gas than on the side outputting the gaseous fuel in the catalytic section. This arrangement enables the flow velocity of
the crude fuel gas to be higher in the area on the side receiving the supply of the crude fuel gas than in the area on the
side outputting the gaseous fuel, thereby ensuring the above effects;

[0017] The presentdescription also presents a second fuel reformer device in which a steam reforming reaction, which
is endothermic and produces hydrogen from a hydrocarbon and steam, and an oxidation reaction, which is exothermic
and oxidizes the hydrocarbon, proceed and heat generated by the oxidation reaction is utilized for a progress of the
steam reforming reaction. The second fuel reformer device includes: a catalytic section that includes a catalyst for
accelerating the steam reforming reaction and the oxidation reaction; a crude fuel gas supply unit that flows a supply of
a crude fuel gas containing the hydrocarbon, steam, and oxygen into the catalytic section; and a gaseous fuel output
unit that causes a hydrogen rich gaseous fuel, which is produced through the steam reforming reaction and the oxidation
reaction proceeding in the catalytic section, to be output from the catalytic section. The catalyst in the catalytic section
is carried on a carrier mainly composed of a material having a relatively high thermal conductivity.

[0018] In the second fuel reformer device thus constructed, the crude fuel gas containing the hydrocarbon, steam,
and oxygen is supplied to the catalytic section including the catalyst for accelerating the steam reforming reaction and
the oxidation reaction. Both the steam reforming reaction, which is endothermic and produces hydrogen from the hy-
drocarbon and steam, and the oxidation reaction, which is exothermic and oxidizes the hydrocarbon, proceed in the
catalytic section. The resulting hydrogen rich gaseous fuel is output from the catalytic section. The catalyst is carried on
a carrier that is mainly composed of a material having a relatively high thermal conductivity. The heat generated by the
oxidation reaction is thus quickly transmitted to the periphery by means of the carrier and is utilized for the steam reforming
reaction.

[0019] In the fuel reformer device of this configuration, the heat generated by the oxidation reaction is quickly diffused.
This effectively prevents an excessive temperature rise in the area on the side receiving the supply of the crude fuel
gas, that is, the area of the vigorous oxidation reaction. This arrangement thus prevents the potential problems due to
the excessive temperature rise, that is, deterioration of the catalyst and formation of by-products, and significantly
improves the durability of the reformer unit. The heat generated by the oxidation reaction is diffused and transmitted to
the lower stream side. This arrangement ensures the sufficiently high activity of the steam reforming reaction on the
lower stream side, thus enabling size reduction of the fuel reformer device.

[0020] The present description further presents a third fuel reformer device in which a steam reforming reaction, which
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is endothermic and produces hydrogen from a hydrocarbon and steam, and an oxidation reaction, which is exothermic
and oxidizes the hydrocarbon, proceed and heat generated by the oxidation reaction is utilized for a progress of the
steam reforming reaction. The third fuel reformer device includes: a catalytic section that includes a catalyst for accel-
erating the steam reforming reaction and a catalyst for accelerating the oxidation reaction; a crude fuel gas supply unit
that flows a supply of a crude fuel gas containing the hydrocarbon and steam into the catalytic section; an oxidizing gas
supply unit that flows a supply of an oxidizing gas containing oxygen into the catalytic section; a gaseous fuel output
unit that causes a hydrogen rich gaseous fuel, which is produced through the steam reforming reaction and the oxidation
reaction proceeding in the catalytic section, to be output from the catalytic section; and an oxidation reaction suppression
unit that suppresses a progress of the oxidation reaction in an area on a side receiving the supply of the oxidizing gas
in the catalytic section.

[0021] In the third fuel reformer device thus constructed, the crude fuel gas containing the hydrocarbon and steam
and the oxidizing gas containing oxygen are supplied to the catalytic section including the catalyst for accelerating the
steam reforming reaction and the catalyst for accelerating the oxidation reaction. Both the steam reforming reaction,
which is endothermic and produces hydrogen from the hydrocarbon and steam, and the oxidation reaction, which is
exothermic and oxidizes the hydrocarbon, proceed in the catalytic section. The heat generated by the oxidation reaction
is utilized for the progress of the steam reforming reaction. The resulting hydrogen rich gaseous fuel is output from the
catalytic section. In the catalytic section, the progress of the oxidation reaction is suppressed in the area on the side
receiving the supply of the oxidizing gas.

[0022] Inthe fuel reformer device of this configuration, the progress of the oxidation reaction is suppressed in the area
on the side receiving the supply of the oxidizing gas. This effectively prevents an excessive temperature rise on the side
receiving the supply of the oxidizing gas. This arrangement thus prevents the potential problems due to the excessive
temperature rise, thatis, deterioration of the catalyst and formation of by-products, and significantlyimproves the durability
of the reformer unit. The suppressed oxidation reaction on the side receiving the supply of the oxidizing gas advanta-
geously extends the area of the vigorous oxidation reaction to the lower stream portion. This heightens the temperature
on the lower stream side and ensures the sufficiently high activity of the steam reforming reaction on the lower stream
side, thus enabling size reduction of the fuel reformer device.

[0023] In the third fuel reformer device, it is preferable that the oxidation reaction suppression unit makes an existing
quantity of the catalyst for accelerating the oxidation reaction smaller in the area on the side receiving the supply of the
oxidizing gas than in an area on a side outputting the gaseous fuel in the catalytic section.

[0024] In the third fuel reformer device, it is also preferable that the catalyst for accelerating the steam reforming
reaction is identical with the catalyst for accelerating the oxidation reaction, and that the oxidation reaction suppression
unit makes an existing quantity of the identical catalyst smaller in the area on the side receiving the supply of the oxidizing
gas than in the area on the side outputting the gaseous fuel.

[0025] The present description also presents a fourth fuel reformer device in which a steam reforming reaction, which
is endothermic and produces hydrogen from a hydrocarbon and steam, and an oxidation reaction, which is exothermic
and oxidizes the hydrocarbon, proceed and heat generated by the oxidation reaction is utilized for a progress of the
steam reforming reaction. The fourth fuel reformer device includes: a catalytic section that includes a catalyst for accel-
erating the steam reforming reaction and a catalyst for accelerating the oxidation reaction; a crude fuel gas supply unit
that flows a supply of a crude fuel gas containing the hydrocarbon and steam into the catalytic section; an oxidizing gas
supply unit that flows a supply of an oxidizing gas containing oxygen into the catalytic section; a gaseous fuel output
unit that causes a hydrogen rich gaseous fuel, which is produced through the steam reforming reaction and the oxidation
reaction proceeding in the catalytic section, to be output from the catalytic section; and a reaction state detection unit
that detects a degree of progress of the reaction proceeding in the catalytic section. The oxidizing gas supply unit has
an oxygen concentration regulation unit that keeps a flow rate of oxygen per unit time supplied to the catalytic section
at a desired level and regulates a concentration of oxygen included in the oxidizing gas supplied to the catalytic section,
based on the degree of progress of the reaction detected by the reaction state detection unit.

[0026] In the fourth fuel reformer device thus constructed, the crude fuel gas containing the hydrocarbon and steam
and the oxidizing gas containing oxygen are supplied to the catalytic section including the catalyst for accelerating the
steam reforming reaction and the catalyst for accelerating the oxidation reaction. Both the steam reforming reaction,
which is endothermic and produces hydrogen from the hydrocarbon and steam, and the oxidation reaction, which is
exothermic and oxidizes the hydrocarbon, proceed in the catalytic section. The heat generated by the oxidation reaction
is utilized for the progress of the steam reforming reaction. The resulting hydrogen rich gaseous fuel is output from the
catalytic section. The degree of progress of the reaction proceeding in the catalytic section is detected. While the flow
rate of oxygen per unit time supplied to the catalytic section is kept at a desired level, the concentration of oxygen
included in the oxidizing gas supplied to the catalytic section is regulated, based on the detected degree of progress of
the reaction.

[0027] In the fuel reformer device of this configuration, the concentration of oxygen included in the oxidizing gas is
regulated to control the rate of the oxidation reaction proceeding on the side receiving the supply of the oxidizing gas.
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This effectively prevents an excessive temperature rise on the side receiving the supply of the oxidizing gas. This
arrangement thus prevents the potential problems due to the excessive temperature rise, that is, deterioration of the
catalyst and formation of by-products, and significantly improves the durability of the reformer unit. The controlled rate
ofthe oxidation reaction through the regulation of the concentration of oxygen included in the oxidizing gas advantageously
extends the area of the vigorous oxidation reaction to the lower stream portion. This heightens the temperature on the
lower stream side and ensures the sufficiently high activity of the steam reforming reaction on the lower stream side,
thus enabling size reduction of the fuel reformer device.

[0028] In the fourth fuel reformer device, it is preferable that the catalytic section includes a plurality of reaction units
including the catalyst, and that the oxidizing gas supply unit flows the supply of the oxidizing gas into each of the plurality
of reaction units. The arrangement of receiving the supply of the oxidizing gas at a plurality of places further enhances
the effect of homogenizing the temperature inside the catalytic section.

[0029] The present description further presents a fifth fuel reformer device in which a steam reforming reaction, which
is endothermic and produces hydrogen from a hydrocarbon and steam, and an oxidation reaction, which is exothermic
and oxidizes the hydrocarbon, proceed and heat generated by the oxidation reaction is utilized for a progress of the
steam reforming reaction. Thefifth fuel reformer device includes: a catalytic section thatincludes a catalyst for accelerating
the steam reforming reaction and the oxidation reaction; a crude fuel gas supply unit that flows a supply of a crude fuel
gas containing the hydrocarbon, steam, and oxygen into the catalytic section; a gaseous fuel output unit that causes a
hydrogenrich gaseous fuel, which is produced through the steam reforming reaction and the oxidation reaction proceeding
in the catalytic section, to be output from the catalytic section; and a gas flow direction inversion unit that changes a site
receiving the supply of the crude fuel gas by means of the crude fuel gas supply unit and a site outputting the gaseous
fuel by means of the gaseous fuel output unit with each other in the catalytic section, so as to invert a gas flow in the
catalytic section.

[0030] In the fifth fuel reformer device thus constructed, the crude fuel gas containing the hydrocarbon, steam, and
oxygen is supplied to the catalytic section including the catalyst for accelerating the steam reforming reaction and the
oxidation reaction. Both the steam reforming reaction, which is endothermic and produces hydrogen from the hydrocarbon
and steam, and the oxidation reaction, which is exothermic and oxidizes the hydrocarbon, proceed in the catalytic section.
The heat generated by the oxidation reaction is utilized for the progress of the steam reforming reaction. The resulting
hydrogen rich gaseous fuel is output from the catalytic section. In the course of the progress of such reactions, the site
receiving the supply of the crude fuel gas is changed with the site outputting the gaseous fuel in the catalytic section.
[0031] In the fuel reformer device of this configuration, the site receiving the supply of the crude fuel gas is changed
with the site outputting the gaseous fuel in the catalytic section. This effectively prevents an excessive temperature rise
in a specific area on the side receiving the supply of the crude fuel gas. This arrangement thus prevents the potential
problems due to the excessive temperature rise, that is, deterioration of the catalyst and formation of by-products, and
significantly improves the durability of the reformer unit. There is no significant temperature drop in a specific area on
the lower stream side. This ensures the sufficiently high activity of the steam reforming reaction in the whole catalytic
section, thus enabling size reduction of the fuel reformer device.

[0032] In the fifth fuel reformer device, it is preferable that the catalytic section has an end temperature measurement
unit that measures a temperature at a preset position in the site receiving the supply of the crude fuel gas by means of
the crude fuel gas supply unit in the catalytic section, and that the gas flow direction inversion unit changes the site
receiving the supply of the crude fuel gas by means of the crude fuel gas supply unit and the site outputting the gaseous
fuel by means of the gaseous fuel output unit with each other, based on the observed temperature by the end temperature
measurement unit. This arrangement effectively prevents the excessive temperature rise on the side receiving the crude
fuel gas.

[0033] The present description also presents a sixth fuel reformer device in which a steam reforming reaction, which
is endothermic and produces hydrogen from a hydrocarbon and steam, and an oxidation reaction, which is exothermic
and oxidizes the hydrocarbon, proceed and heat generated by the oxidation reaction is utilized for a progress of the
steam reforming reaction. The sixth fuel reformer device includes: a catalytic section which particles with a catalyst for
accelerating the steam reforming reaction and the oxidation reaction are sealed in; a crude fuel gas supply unit that
flows a supply of a crude fuel gas containing the hydrocarbon, steam, and oxygen into the catalytic section; a gaseous
fuel output unit that causes a hydrogen rich gaseous fuel, which is produced through the steam reforming reaction and
the oxidation reaction proceeding in the catalytic section, to be output from the catalytic section; and a catalyst stirrer
unit that stirs the particles with the catalyst in the catalytic section.

[0034] In the sixth fuel reformer device thus constructed, the crude fuel gas containing the hydrocarbon, steam, and
oxygen is supplied to the catalytic section that is filled with the particles with the catalyst for accelerating the steam
reforming reaction and the oxidation reaction. Both the steam reforming reaction, which is endothermic and produces
hydrogen from the hydrocarbon and steam, and the oxidation reaction, which is exothermic and oxidizes the hydrocarbon,
proceed in the catalytic section, while the particles with the catalyst are stirred. The heat generated by the oxidation
reaction is utilized for the progress of the steam reforming reaction. The resulting hydrogen rich gaseous fuel is output
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from the catalytic section.

[0035] Inthe fuel reformer device of this configuration, the particles with the catalyst are stirred in the catalytic section.
The catalyst carried on the particles is thus successively involved in the oxidation reaction. This effectively prevents an
excessive temperature rise in a specific area on the side receiving the supply of the crude fuel gas. This arrangement
thus prevents the potential problems due to the excessive temperature rise, that is, deterioration of the catalyst and
formation of by-products, and significantly improves the durability of the reformer unit. There is no significant temperature
drop in a specific area on the lower stream side. This ensures the sufficiently high activity of the steam reforming reaction
in the whole catalytic section, thus enabling size reduction of the fuel reformer device.

[0036] In the sixth fuel reformer device, it is preferable that the catalyst stirrer unit is disposed in the crude fuel gas
supply unit and injects a gas containing at least one of the hydrocarbon, steam, and oxygen into the catalytic section,
so as to stir the particles with the catalyst in the catalytic section. This arrangement enables the action of supplying the
crude fuel gas to the catalytic section to be carried out simultaneously with the action of stirring the particles with the
catalyst.

[0037] The present description also presents a seventh fuel reformer device in which a steam reforming reaction,
which is endothermic and produces hydrogen from a hydrocarbon and steam, and an oxidation reaction, which is
exothermic and oxidizes the hydrocarbon, proceed and heat generated by the oxidation reaction is utilized for a progress
of the steam reforming reaction. The seventh fuel reformer device includes: a catalytic section’ that includes a catalyst
for accelerating the steam reforming reaction and the oxidation reaction; a crude fuel gas supply unit that flows a supply
of a crude fuel gas containing the hydrocarbon and steam into the catalytic section; an oxidizing gas supply unit that
flows a supply of an oxidizing gas containing oxygen into the catalytic section; a gaseous fuel output unit that causes a
hydrogenrich gaseous fuel, which is produced through the steam reforming reaction and the oxidation reaction proceeding
in the catalytic section, to be output from the catalytic section; and a flow site changing unit that changes with time a
site receiving the supply of the oxidizing gas by means of the oxidizing gas supply unit in the catalytic section.

[0038] Inthe seventh fuel reformer device thus constructed, the crude fuel gas containing the hydrocarbon and steam
and the oxidizing gas containing oxygen are supplied to the catalytic section including the catalyst for accelerating the
steam reforming reaction and the oxidation reaction. Both the steam reforming reaction, which is endothermic and
produces hydrogen from the hydrocarbon and steam, and the oxidation reaction, which is exothermic and oxidizes the
hydrocarbon, proceed in the catalytic section. The site receiving the supply of the oxidizing gas is changed with time in
the catalytic section. The heat generated by the oxidation reaction that proceeds with the oxidizing gas supplied in this
manner is utilized for the progress of the steam reforming reaction. The resulting hydrogen rich gaseous fuel is output
from the catalytic section.

[0039] In the fuel reformer device of this configuration, the site receiving the supply of the oxidizing gas is changed
with time in the catalytic section. This effectively prevents an excessive temperature rise in a specific area on the side
receiving the supply of the oxidizing gas. This arrangement thus prevents the potential problems due to the excessive
temperature rise, thatis, deterioration of the catalyst and formation of by-products, and significantlyimproves the durability
of the reformer unit.

[0040] The present description further presents an eighth fuel reformer device in which a steam reforming reaction,
which is endothermic and produces hydrogen from a hydrocarbon and steam, and an oxidation reaction, which is
exothermic and oxidizes the hydrocarbon, proceed and heat generated by the oxidation reaction is utilized for a progress
of the steam reforming reaction. The eighth fuel reformer device includes: a catalytic section that includes a catalyst for
accelerating the steam reforming reaction and the oxidation reaction; a crude fuel gas supply unit that flows a supply of
a crude fuel gas containing the hydrocarbon and steam into the catalytic section; an oxidizing gas supply unit that flows
a supply of an oxidizing gas containing oxygen into the catalytic section; a gaseous fuel output unit that causes a hydrogen
rich gaseous fuel, which is produced through the steam reforming reaction and the oxidation reaction proceeding in the
catalytic section, to be output from the catalytic section; and a heat homogenization unit that makes a feeding side
receiving the supply of the crude fuel gas and the supply of the oxidizing gas adjoin to an output side outputting the
gaseous fuel in the catalytic section, so as to enable heat exchange between the feeding side and the output side.
[0041] In the eighth fuel reformer device thus constructed, the crude fuel gas containing the hydrocarbon and steam
and the oxidizing gas containing oxygen are supplied to the catalytic section including the catalyst for accelerating the
steam reforming reaction and the oxidation reaction. Both the steam reforming reaction, which is endothermic and
produces hydrogen from the hydrocarbon and steam, and the oxidation reaction, which is exothermic and oxidizes the
hydrocarbon, proceed in the catalytic section. In the catalytic section, the feeding side receiving the supply of the crude
fuel gas and the supply of the oxidizing gas is arranged to be adjacent to the output side outputting the gaseous fuel.
Heat exchange is accordingly performed between the feeding side and the output side. The heat generated by the
oxidation reaction is thus utilized for the progress of the steam reforming reaction. The resulting hydrogen rich gaseous
fuel is output from the catalytic section.

[0042] In the fuel reformer device of this configuration, heat exchange is performed between the feeding side receiving
the supply of the crude fuel gas and the supply of the oxidizing gas and the output side outputting the gaseous fuel in
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the catalytic section. This effectively prevents an excessive temperature rise in a specific area on the side receiving the
supply of the oxidizing gas. This arrangement thus prevents the potential problems due to the excessive temperature
rise, that is, deterioration of the catalyst and formation of by-products, and significantly improves the durability of the
reformer unit. There is no significant temperature drop in a specific area on the lower stream side. This ensures the
sufficiently high activity of the steam reforming reaction in the whole catalytic section, thus enabling size reduction of
the fuel reformer device.

[0043] In the eighth fuel reformer device, it is preferable that the catalytic section includes at least two reaction units
that respectively include the catalyst and have the feeding side and the output side mutually located at opposite positions,
and that the at least two reaction units are arranged to make the feeding side of one reaction unit adjacent to the output
side of the other reaction unit.

[0044] In the eighth fuel reformer device, it is also preferable that the catalytic section includes a turning area in a flow
conduit of the crude fuel gas formed inside thereof, and that an inlet and an outlet of the flow conduit are arranged to
be adjacent to each other.

[0045] The presentdescription further presents a ninth fuel reformer device in which a steam reforming reaction, which
is endothermic and produces hydrogen from a hydrocarbon and steam, and an oxidation reaction, which is exothermic
and oxidizes the hydrocarbon, proceed and heat generated by the oxidation reaction is utilized for a progress of the
steam reforming reaction. The ninth fuel reformer device includes: a catalytic section that includes a catalyst for accel-
erating the steam reforming reaction and the oxidation reaction; a crude fuel gas supply unit that flows a supply of a
crude fuel gas containing the hydrocarbon and steam into the catalytic section; an oxidizing gas supply unit that flows
a supply of an oxidizing gas containing oxygen into the catalytic section; a gaseous fuel output unit that causes a hydrogen
rich gaseous fuel, which is produced through the steam reforming reaction and the oxidation reaction proceeding in the
catalytic section, to be output from the catalytic section; and a heating unit that heats a part other than an area on a side
receiving the supply of the oxidizing gas by means of a specific fluid that transmits heat produced in a predetermined
member, which is a constituent of a system including the fuel reformer device.

[0046] In the ninth fuel reformer device thus constructed, the crude fuel gas containing the hydrocarbon and steam
and the oxidizing gas containing oxygen are supplied to the catalytic section including the catalyst for accelerating the
steam reforming reaction and the oxidation reaction. Both the steam reforming reaction, which is endothermic and
produces hydrogen from the hydrocarbon and steam, and the oxidation reaction, which is exothermic and oxidizes the
hydrocarbon, proceed in the catalytic section. In the area of the catalytic section where the oxidation reaction proceeds
with the supply of the oxidizing gas, the heat generated by the oxidation reaction is utilized for the progress of the steam
reforming reaction. The heat produced in the predetermined member, which is the constituent of the system including
the fuel reformer device, is transmitted to the part other than the area on the side receiving the supply of the oxidizing
gas by means of the specific fluid, and is utilized for the steam reforming reaction. The resulting hydrogen rich gaseous
fuel is output from the catalytic section.

[0047] In the fuel reformer device of this configuration, in the part other than the area on the side receiving the supply
of the oxidizing gas, the oxidation reaction proceeds with the heat evolved in the predetermine member, which is the
constituent of the system including the fuel reformer device. This arrangement enables the flow rate of the oxidizing gas
supplied to the catalytic section to be reduced relative to the flow rate of the crude fuel gas supplied to the catalytic
section. This effectively prevents an excessive temperature rise in a specific area on the side receiving the supply of
the oxidizing gas. This arrangement thus prevents the potential problems due to the excessive temperature rise, that
is, deterioration of the catalyst and formation of by-products, and significantly improves the durability of the reformer
unit. The heat evolved in the predetermined member, which is the constituent of the system including the fuel reformer
device, is transmitted to the part other than the area on the side receiving the supply of the oxidizing gas. There is
accordingly no significant temperature drop to lower the activity of the steam reforming reaction. This ensures the
sufficiently high activity of the steam reforming reaction in the whole catalytic section, thus enabling size reduction of
the fuel reformer device. This structure utilizes the heat evolved in the predetermined member, which is the constituent
of the system including the fuel reformer device, to heat the part other than the area on the side receiving the supply of
the oxidizing gas, thus effectively preventing a decrease in energy efficiency of the whole system.

[0048] In the ninth fuel reformer device, it is preferable that the heating unit heats the part other than the area on the
side receiving the supply of the oxidizing gas by means of a hot gas discharged from the predetermined member, which
is the constituent of the system including the fuel reformer device.

[0049] The present invention is directed to a tenth fuel reformer device in which a steam reforming reaction, which is
endothermic and produces hydrogen from a hydrocarbon and steam, and an oxidation reaction, which is exothermic
and oxidizes the hydrocarbon, proceed and heat generated by the oxidation reaction is utilized for a progress of the
steam reforming reaction. The tenth fuel reformer device includes: a catalytic section that includes a catalyst for accel-
erating the steam reforming reaction and the oxidation reaction; a crude fuel gas supply unit that flows a supply of a
crude fuel gas containing the hydrocarbon and steam into the catalytic section; an oxidizing gas supply unit that flows
a supply of an oxidizing gas containing oxygen into the catalytic section; a gaseous fuel output unit that causes a hydrogen
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rich gaseous fuel, which is produced through the steam reforming reaction and the oxidation reaction proceeding in the
catalytic section, to be output from the catalytic section; and an end cooling unit that sprays a liquid containing at least
one of the hydrocarbon and water into an area on a side receiving the supply of the crude fuel gas and the supply of the
oxidizing gas.

[0050] In the tenth fuel reformer device of the present invention thus constructed, the crude fuel gas containing the
hydrocarbon and steam and the oxidizing gas containing oxygen are supplied to the catalytic section including the
catalyst for accelerating the steam reforming reaction and the oxidation reaction. Both the steam reforming reaction,
which is endothermic and produces hydrogen from the hydrocarbon and steam, and the oxidation reaction, which is
exothermic and oxidizes the hydrocarbon, proceed in the catalytic section. In the area of the catalytic section where the
oxidation reaction proceeds with the supply of the oxidizing gas, the heat generated by the oxidation reaction is utilized
for the progress of the steam reforming reaction. The liquid containing at least one of the hydrocarbon and water is
sprayed into the area on the side receiving the supply of the crude fuel gas and the supply of the oxidizing gas, so as
to cool down the area. The resulting hydrogen rich gaseous fuel is output from the catalytic section.

[0051] Inthe fuel reformer device of this configuration, the liquid containing at least one of the hydrocarbon and water
is sprayed into the area on the side receiving the supply of the crude fuel gas and the supply of the oxidizing gas. Part
of the heat generated by the oxidation reaction is accordingly consumed as the heat of vaporization. This effectively
prevents an excessive temperature rise in a specific area on the side receiving the supply of the oxidizing gas. This
arrangement thus prevents the potential problems due to the excessive temperature rise, that is, deterioration of the
catalyst and formation of by-products, and significantly improves the durability of the reformer unit.

[0052] The present description further presents an eleventh fuel reformer device in which a steam reforming reaction,
which is endothermic and produces hydrogen from a hydrocarbon and steam, and an oxidation reaction, which is
exothermic and oxidizes the hydrocarbon, proceed and heat generated by the oxidation reaction is utilized for a progress
of the steam reforming reaction. The eleventh fuel reformer device includes: a catalytic section that comprises a first
reaction unit including a catalyst for accelerating the steam reforming reaction and the oxidation reaction and a second
reaction unit including a catalyst for accelerating the steam reforming reaction; a crude fuel gas supply unit that flows a
supply of a crude fuel gas containing the hydrocarbon and steam into the catalytic section; an oxidizing gas supply unit
that flows a supply of an oxidizing gas containing oxygen into the first reaction unit; and a gaseous fuel output unit that
causes a hydrogen rich gaseous fuel, which is produced through the steam reforming reaction and the oxidation reaction
proceeding in the catalytic section, to be output from the catalytic section. The first reaction unit and the second reaction
unit are arranged to be adjacent to each other in the catalytic section, and heat exchange is performed between the first
reaction unit and the second reaction unit.

[0053] Inthe eleventh fuel reformer device thus constructed, the crude fuel gas containing the hydrocarbon and steam
and the oxidizing gas containing oxygen are supplied to the first reaction unit including the catalyst for accelerating the
steam reforming reaction and the oxidation reaction. Both the steam reforming reaction, which is endothermic and
produces hydrogen from the hydrocarbon and steam, and the oxidation reaction, which is exothermic and oxidizes the
hydrocarbon, proceed in the first reaction unit. The crude fuel gas is also supplied to the second reaction unit including
the catalyst for accelerating the steam reforming reaction. The steam reforming reaction then also proceeds in the second
reaction unit. In the first reaction unit, the heat generated by the oxidation reaction is utilized for the progress of the
steam reforming reaction. The heat exchange performed between the second reaction unit and the adjoining first reaction
unit enables the heat generated by the oxidation reaction in the first reaction unit to be utilized for the progress of the
steam reforming reaction in the second reaction unit. The resulting hydrogen rich gaseous fuel is output from the catalytic
section.

[0054] In the fuel reformer device of this configuration, the heat generated by the oxidation reaction in the area of the
first reaction unit where the oxidation reaction proceeds with the supply of the oxidizing gas is not only utilized for the
steam reforming reaction proceeding in the first reaction unit but transmitted to the adjoining second reaction unit and
utilized for the steam reforming reaction proceeding in the second reaction unit. This arrangement effectively prevents
the potential problems due to an excessive temperature rise in the catalytic section with the heat generated by the
oxidation reaction, that is, deterioration of the catalyst and formation of by-products, and significantly improves the
durability of the reformer unit.

[0055] In any of the first, the second, and the fifth through the ninth fuel reformer devices and the tenth fuel reformer
device of the present invention, the hydrocarbon may be methanol, and the catalyst for accelerating the steam reforming
reaction and the oxidation reaction may be a single copper-containing catalyst.

[0056] In either of the third and the fourth fuel reformer devices, the hydrocarbon may be methanol, and the catalyst
for accelerating the steam reforming reaction and the catalyst for accelerating the oxidation reaction may be an identical
copper-containing catalyst.

[0057] In the eleventh fuel reformer device, the hydrocarbon may be methanol, and the catalyst included in the first
reaction unit may be a single copper-containing catalyst.

[0058] Inthe fuel reformer device of this arrangement, the single copper-containing catalyst is used to accelerate both
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the steam reforming reaction and the oxidation reaction of methanol. Unlike the prior art technique that uses platinum
or another known oxidation catalyst to accelerate the oxidation reaction, the oxidation reaction of methanol proceeding
in the presence of the copper-containing catalyst hardly produces carbon monoxide. This arrangement accordingly gives
the resulting gaseous fuel having the lower concentration of carbon monoxide.

[0059] The present description also presents a twelfth fuel reformer device in which a steam reforming reaction, which
is endothermic and produces hydrogen from a hydrocarbon and steam, and an oxidation reaction, which is exothermic
and oxidizes the hydrocarbon, proceed and heat generated by the oxidation reaction is utilized for a progress of the
steam reforming reaction. The twelfth fuel reformer device includes: a catalytic section that includes a catalyst for
accelerating the steam reforming reaction and the oxidation reaction; a crude fuel gas supply unit that flows a supply of
a crude fuel gas containing the hydrocarbon, steam, and oxygen into the catalytic section; and a gaseous fuel output
unit that causes a hydrogen rich gaseous fuel, which is produced through the steam reforming reaction and the oxidation
reaction proceeding in the catalytic section, to be output from the catalytic section. The catalyst accelerates the oxidation
reaction that is not via a reaction pathway of producing carbon monoxide.

[0060] In the fuel reformer device of this configuration, the catalyst accelerates the oxidation reaction that is not via
the reaction pathway of producing carbon monoxide. This arrangement effectively reduces the quantity of carbon mon-
oxide produced by the reactions proceeding in the catalytic section, thus giving the resulting gaseous fuel having the
lower concentration of carbon monoxide.

[0061] In the twelfth fuel reformer device, the hydrocarbon may be methanol, and the catalyst for accelerating the -
steam reforming reaction and the oxidation reaction may be a single copper-containing catalyst.

[0062] Inthe fuel reformer device of this arrangement, the copper-containing catalyst is used to accelerate the oxidation
reaction of methanol. Unlike the prior art technique that uses platinum or another known oxidation catalyst to accelerate
the oxidation reaction, the oxidation reaction proceeding in the presence of the copper-containing catalyst hardly produces
carbon monoxide. This arrangement accordingly gives the resulting gaseous fuel having the lower concentration of
carbon monoxide. The use of the single copper-containing catalyst to accelerate both the steam reforming reaction and
the oxidation reaction of methanol simplifies the structure of the fuel reformer device.

Brief Description of the Drawings
[0063]

Fig. 1is ablock diagram schematically illustrating the structure of a fuel cells system 20 in one preferred embodiment ;
Fig. 2 is a sectional view schematically illustrating the structure of a unit cell 48 of a fuel cells stack 40;

Fig. 3 schematically illustrates the structure of a reformer unit 34;

Fig. 4 schematically illustrates the cross section of the honeycomb structure that forms the reformer unit 34;

Fig. 5 is a graph showing internal temperature distributions of the reformer unit 34 and a prior art reformer unit;
Fig. 6 illustrates the cross sections of another honeycomb structure in one modified example of the first embodiment;
Fig. 7 schematically illustrates the structure of a reformer unit in another modified example of the first embodiment;
Fig. 8 schematically illustrates the structure of a reformer unit 90 in a second embodiment;

Fig. 9(A) is a sectional view schematically illustrating part of the honeycomb structure of a reaction unit 92, and Fig.
9(B) is an enlarged view schematically illustrating part of the surface of the honeycomb structure;

Fig. 10 is a graph showing internal temperature distributions of the reformer unit 90 and a prior art reformer unit;
Fig. 11 schematically illustrates the structure of a reformer unit 100 in a third embodiment;

Fig. 12 is a graph showing internal temperature distributions of the reformer unit 100 and a prior art reformer unit;
Fig. 13 schematically illustrates the structure of a reformer unit 110 in a fourth embodiment;

Fig. 14 is a flowchart showing an air load regulation routine executed in a fuel cells system including the reformer
unit 110;

Fig. 15 schematically illustrates the structure of a reformer unit 110A in a modified example of the fourth embodiment;
Fig. 16 is a graph showing internal temperature distributions of the reformer unit 110A and a prior art reformer unit;
Fig. 17 schematically illustrates the structure of a reformer unit 120 in a fifth embodiment;

Fig. 18 is a flowchart showing a gas inlet changeover routine executed in the fuel cells system 20;

Fig. 19 is a graph showing internal temperature distributions of the reformer unit 120 and a prior art reformer unit;
Fig. 20 schematically illustrates the structure of a reformer unit 130 and members connecting with the reformer unit
130 in a sixth embodiment;

Fig. 21 is a graph showing internal temperature distributions of the reformer unit 130 and a prior art reformer unit;
Fig. 22 schematically illustrates the structure of a reformer unit 140 in a seventh embodiment;

Fig. 23 is a graph showing internal temperature distributions of the reformer unit 140 and a prior art reformer unit;
Fig. 24 schematically illustrates the structure of a reformer unit 140A in a modified example of the seventh embod-
iment;
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Fig. 25 is a sectional view schematically illustrating the structure of a reformer unit 150 in an eighth embodiment;
Fig. 26 is a graph showing internal temperature distributions of the reformer unit 150 and a prior art reformer unit;
Fig. 27 is a sectional view schematically illustrating the structure of a reformer unit 160 in a ninth embodiment:
Fig. 28 is a graph showing internal temperature distributions of the reformer unit 160 and a prior art reformer unit;
Fig. 29 schematically illustrates the structure of a reformer unit 160A in a modified example of the ninth embodiment;
Fig. 30 is a sectional view schematically illustrating the structure of a reformer unit 170 in a tenth embodiment;
Fig. 31 is a graph showing internal temperature distributions of the reformer unit 170 and a prior art reformer unit;
Fig. 32 schematically illustrates the structure of a reformer unit 180 in an eleventh embodiment according to the
invention;

Fig. 33 is a graph showing internal temperature distributions of the reformer unit 180 and a prior art reformer unit;
Fig. 34 schematically illustrates the structure of a reformer unit 190 in a twelfth embodiment;

Fig. 35 is a graph showing internal temperature distributions of the reformer unit 190 and a prior art reformer unit;
Fig. 36 schematically illustrates the structure of a reformer unit 190A in one modified example of the twelfth embod-
iment;

Fig. 37 schematically illustrates the structure of a reformer unit 190B in another modified example of the twelfth
embodiment; and

Fig. 38 is a graph showing a temperature distribution inside of a prior art fuel reformer device.

Best Modes of Carrying Out the Invention

[0064] In order to clarify the configurations, the functions, and the advantages of the present invention discussed
above, some modes are described below as preferred embodiments. Fig. 1 schematically illustrates the structure of a
fuel cells system 20 including a reformer unit in a first embodiment. The fuel cells system 20 includes, as primary
constituents, a methanol reservoir 22 that stores methanol therein, a water reservoir 24 that stores water therein, a
burner 26 that generates a combustion gas, a compressor unit 28 that compresses the air, an evaporator 32 that is
coupled with the burner 26 and the compressor unit 28, a reformer unit 34 that produces a gaseous fuel through a
reforming reaction, a CO reduction unit 36 that reduces concentration of carbon monoxide (CO) included in the gaseous
fuel, fuel cells 40 that generate an electromotive force through electrochemical reactions, and a control unit 50 that is
constructed by a computer. The following first describes the fuel cells 40, which mainly function to generate electric
power in the fuel cells system 20. The fuel cells 40 are polymer electrolyte fuel cells and have a stack structure obtained
by laying a plurality of construction units or unit cells one upon another. Fig. 2 is a sectional view illustrating the structure
of a unit cell 48 of the fuel cells stack 40. The unit cell 48 includes an electrolyte membrane 41, an anode 42, a cathode
43, and a pair of separators 44 and 45.

[0065] Theanode 42 andthe cathode 43 are gas diffusion electrodes that are disposed across the electrolyte membrane
41 to form a sandwich structure. The pair of separators 44 and 45 are further disposed across this sandwich structure
and are respectively combined with the anode 42 and the cathode 43 to define flow paths of a gaseous fuel and an
oxidizing gas. Gaseous fuel flow conduits 44P are defined by the anode 42 and the separator 44, whereas oxidizing gas
flow conduits 45P are defined by the cathode 43 and the separator 45. Although the flow conduits are illustrated in only
a single face of each of the separators 44 and 45 in Fig. 2, ribs are actually formed in both faces of each of the separators
44 and 45. One face of the separator is combined with the anode 42 to define the gaseous fuel flow conduits 44P,
whereas the other face of the separator is combined with the cathode 43 of the adjoining unit cell to define the oxidizing
gas flow conduits 45P. The separators 44 and 45 are combined with the adjoining gas diffusion electrodes to define the
gas flow conduits, while functioning to separate the flow of gaseous fuel from the flow of oxidizing gas between each
pair of adjoining unit cells. In the stack structure obtained by laying the plurality of unit cells 48 one upon anocther, the
two separators located on both ends of the stack structure may have ribs only in the respective single faces thereof that
are in contact with the gas diffusion electrodes.

[0066] The electrolyte membrane 41 is a proton-conductive ion exchange membrane composed of a solid polymer
material, for example, a fluororesin, and shows favorable electrical conductivity in the wet state. In this embodiment, a
Nafion (manufactured by du Pont) film is applied for the electrolyte membrane 41. Platinum or a platinum alloy consisting
of platinum and another metal is applied as a catalyst on the surface of the electrolyte membrane 41.

[0067] The anode 42 and the cathode 43 are made of carbon cloth that is woven of carbon fiber yarns. The anode 42
and the cathode 43 may be made of carbon paper or carbon felt that also consists of carbon fibers, instead of the carbon
cloth of this embodiment.

[0068] The separators 44 and 45 are composed of a gas-impermeable electrically conductive material, for example,
gas-impermeable dense carbon obtained by compacting carbon powder. Each of the separators 44 and 45 has a plurality
of ribs that are arranged in parallel on both faces thereof and are combined with the surface of the anode 42 to define
the gaseous fuel flow conduits 44P while being combined with the surface of the cathode 43 of the adjoining unit cell to
define the oxidizing gas flow conduits 45P. It is, however, not necessary to form the ribs in parallel on both faces of each
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separator, but the ribs formed on one face may be arranged at a predetermined angle to the ribs formed on the other
face, for example, parallel to the ribs on the other face. The shape of the ribs may not be restricted to the parallel grooves,
but the ribs may have any shape that allow supplies of the gaseous fuel and the oxidizing gas to the gas diffusion
electrodes.

[0069] The unit cell 48, which is the construction unit of the fuel cells 40, has the structure discussed above. In the
actual assembly of the fuel cells 40, plural sets (100 sets in this embodiment) of the unit cells 48, each including the
separator 44, the anode 42, the electrolyte membrane 41, the cathode 43, and the separator 45 in this sequence, are
laid one upon another to form a cell laminate. The stack structure is completed by arranging a pair of collector plates,
which are composed of dense carbon or copper plates, across the cell laminate.

[0070] The constituents of the fuel cells system 20 other than the fuel cells 40 and their connections are discussed
below. The evaporator 32 receives supplies of methanol and water from the methanol reservoir 22 and the water reservoir
24 and vaporize the methanol and water. The evaporator 32 is coupled with the burner 26 and the compressor unit 28
as mentioned previously. A combustion exhaust discharged from the burner 26 is led via the compressor unit 28 as
discussed later, and the heat of combustion is transmitted to a non-illustrated heat exchange unit of the evaporator 32
to boil and vaporize methanol and water supplied to the evaporator 32.

[0071] A second pump 71 is disposed in a methanol flow conduit 60, through which a supply of methanol as a crude
fuel is flown from the methanol reservoir 22 to the evaporator 32, in order to regulate the quantity of methanol supplied
to the evaporator 32. The second pump 71 is connected with the control unit 50 and is driven in response to signals
output from the control unit 50 to regulate the flow rate of methanol supplied to the evaporator 32.

[0072] A third pump 72 is disposed in a water flow conduit 62, through which a supply of water is flown from the water
reservoir 24 to the evaporator 32, in order to regulate the quantity of water supplied to the evaporator 32. Like the second
pump 71, the third pump 72 is connected with the control unit 50 and is driven in response to signals output from the
control unit 50 to regulate the flow rate of water supplied to the evaporator 32. The methanol flow conduit 60 joins the
water flow conduit 62 to form a first fuel supply conduit 63, which connects with the evaporator 32. Since the flow rate
of methanol and the flow rate of water are regulated by the second pump 71 and the third pump 72, the mixture of a
preset quantity of the methanol and a preset quantity of water is fed to the evaporator 32 via the fist fuel supply conduit 63.
[0073] The compressor unit 28 coupled with the evaporator 32 takes in the air from the outside of the fuel cells system
20, compresses the intake air, and feeds the compressed air to the cathodes of the fuel cells 40. The compressor unit
28 includes a turbine 28a and a compressor 28b formed in an impeller. The turbine 28a and the compressor 28b are
linked with each other via a coaxial shaft 28c. The compressor 28b is driven and rotated by driving and rotating the
turbine 28a. The burner 26 is also coupled with the evaporator 32. The turbine 28a is driven by the hot combustion gas
led from this burner 26. The compressor 28b rotates with the rotation of the turbine 28a and compresses the air as
mentioned previously. The air is taken from the outside into the compressor 28b via an air flow conduit 29. The air
compressed by the compressor unit 28 is fed to the fuel cells 40 via an oxidizing gas supply conduit 68 and is subjected
to the electrochemical reactions proceeding in the fuel cells 40.

[0074] The turbine 28a is actuated by the hot combustion gas led from the burner 26 and is composed of a refractory
alloy or ceramic to have the heat resistance and durability. In this embodiment, a nickel-based alloy (Inconel 700 man-
ufactured by Inconel Corporation) is used for the turbine 28a. The compressor 28b is composed of a light-weight aluminum
alloy.

[0075] The burner 26 that functions to drive the turbine 28a receives the fuel for combustion from the anodes of the
fuel cells 40 and the methanol reservoir 22. The fuel cells 40 use, as the fuel, a hydrogen rich gas produced by reforming
methanol in the reformer unit 34 for the electrochemical reactions proceeding therein. All the hydrogen supplied to the
fuel cells 40 is not consumed by the electrochemical reactions, but a gaseous fuel exhaust including the non-consumed,
remaining hydrogen is discharged to a fuel exhaust conduit 67. The burner 26 connected to this fuel exhaust conduit
67 receives a supply of the gaseous fuel exhaust and causes the non-consumed, remaining hydrogen to undergo the
complete combustion, so as to improve the utilization rate of the fuel. The fuel exhaust is generally not sufficient for the
fuel for combustion in the burner 26. A supply of methanol is accordingly fed from the methanol reservoir 22 to the burner
26 to supplement such an insufficiency or to be used as the fuel for combustion in the burner 26 when no fuel exhaust
is fed from the fuel cells 40, for example, at the starting time of the fuel cells system 20. A methanol branch conduit 61
is formed to feed the supply of methanol to the burner 26. The methanol branch conduit 61 branches off from the methanol
flow conduit 60, through which the supply of methanol is flown from the methanol reservoir 22 to the evaporator 32.
[0076] The burner 26 has a first temperature sensor 73 that measures the temperature of combustion in the burner
26 and inputs the result of the measurement to the control unit 50. The control unit 50 outputs a driving signal to the first
pump 70 based on the input from the first temperature sensor 73, so as to regulate the quantity of methanol fed to the
burner 26 and maintain the temperature of combustion in the burner 26 within a predetermined range (approximately
800°C to 1000°C). The combustion gas in the burner 26 works to drive and rotate the turbine 28a and is then led to the
evaporator 32. The efficiency of heat exchange in the turbine 28a is relatively low (not higher than approximately 10%).
The combustion exhaust gas led to the evaporator 32 accordingly has the temperature of approximately 600 to 700°C
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and is sufficient for the heat source of the evaporator 32. The solution mixture of methanol and water supplied via the
first fuel supply conduit 63 as described previously is vaporized by the hot combustion exhaust gas led from the burner
26 to the evaporator 32. A crude fuel gas of methanol and water vaporized by the evaporator 32 is flown through a
second fuel supply conduit 64 to the reformer unit 34.

[0077] The reformer unit 34 reforms the crude fuel gas of methanol and water to produce a hydrogen rich gaseous
fuel. The configuration of the reformer unit 34 and the reforming reaction proceeding in the reformer unit 34 are the
essential part and will be discussed in detail later. A second temperature sensor 74 is disposed in the second fuel supply
conduit 64, through which the crude fuel gas of methanol and water is flown to the reformer unit 34, and measures the
temperature of the crude fuel gas of methanol and water fed to the reformer unit 34. The observed temperature of the
crude fuel gas is input into the control unit 50. In the process of outputting the driving signal to the first pump 70 based
on the input from the first temperature sensor 73, the control unit 50 corrects the driving amount of the first pump 70
based on the input from the second temperature sensor 74 and regulates the quantity of methanol fed to the burner 26.
Regulating the temperature of the combustion gas in the burner 26 in this manner adjusts the temperature of the crude
fuel gas vaporized in the evaporator 32. The crude fuel gas led from the evaporator 32 is generally heated to approximately
250°C.

[0078] Asdescribed later, oxygenis involved in the reforming reaction proceeding in the reformer unit 34. The reformer
unit 34 has a blower 38 to taken in oxygen required for the reforming reaction. The blower 38 compresses the externally
intake air and feeds the compressed intake air to the reformer unit 34 via an air supply conduit 39. In the structure of
this embodiment, the air supply conduit 39 joins the second fuel supply conduit 64, and the intake air by the blower 38
is fed into the reformer unit 34 together with the crude fuel gas led from the evaporator 32. The blower 38 is connected
with the control unit 50, which controls the driving state of the blower 38.

[0079] The CO reduction unit 36 reduces the concentration of carbon monoxide included in the gaseous fuel led from
the reformer unit 34 via a third fuel supply conduit 65. The general reforming reaction of methanol is expressed by
Equation (4) given previously. In the actual state, however, the reforming reaction does not proceed in the ideal manner
as expressed by this equation, but the gaseous fuel produced in the reformer unit 34 includes a certain amount of carbon
monoxide. The CO reduction unit 36 functions to reduce the concentration of carbon monoxide included in the gaseous
fuel supplied to the fuel cells 40.

[0080] The fuel cells 40 of this embodiment are polymer electrolyte fuel cells and have the platinum or platinum alloy
catalyst to accelerate the cell reactions (in this embodiment, the platinum catalyst is applied on the surface of the
electrolyte membrane 41). Carbon monoxide included in the gaseous fuel is adsorbed by the platinum catalyst to lower
its catalytic action and interfere with the reaction of Equation (1) proceeding at the anodes, so as to deteriorate the
performance of the fuel cells. In the course of power generation with the polymer electrolyte fuel cells like the fuel cells
40, it is accordingly essential to sufficiently reduce the concentration of carbon monoxide included in the supply of
gaseous fuel and prevent deterioration of the cell performances. In the polymer electrolyte fuel cells, the allowable limit
of the concentration of carbon monoxide included in the supply of gaseous fuel is generally not greater than several ppm.
[0081] The gaseous fuel led to the CO reduction unit 36 is a hydrogen rich gas containing the certain amount of carbon
monoxide as mentioned above. The CO reduction unit 36 oxidizes carbon monoxide in preference to hydrogen included
in the gaseous fuel. The CO reduction unit 36 is filled with a carrier having any of platinum, ruthenium, palladium, gold,
and alloys of these metals as the primary element carried thereon as a carbon monoxide selective oxidation catalyst.
The concentration of carbon monoxide included in the gaseous fuel processed by this CO reduction unit 36 depends
upon the driving temperature of the CO reduction unit 36, the concentration of carbon monoxide originally included in
the supply of gaseous fuel, and the flow rate of the gaseous fuel fed to the CO reduction unit 36 per unit volume of the
catalyst. The CO reduction unit 36 has a non-illustrated carbon monoxide sensor. The driving temperature of the CO
reduction unit 36 and the flow rate of the gaseous fuel fed to the CO reduction unit 36 are regulated according to the
result of the measurement with the carbon monoxide sensor, so as to make the concentration of carbon monoxide
included in the processed gaseous fuel not greater than several ppm.

[0082] The gaseous fuel having the reduced concentration of carbon monoxide is led from the CO reduction unit 36
through a fourth fuel supply conduit 66 to the fuel cells 40 and is subjected to the cell reaction at the anodes. The gaseous
fuel exhaust after the cell reaction in the fuel cells 40 is discharged to the fuel exhaust conduit 67 and led to the burner
26 as mentioned previously. The remaining hydrogen in the gaseous fuel exhaust is consumed as the fuel for combustion.
The oxidizing gas involved in the cell reaction at the cathode of the fuel cells 40, on the other hand, is supplied as the
compressed air from the compressor unit 28 through the oxidizing gas supply conduit 68 as described above. The
oxidizing gas exhaust after the cell reaction is discharged outside via an oxidizing gas exhaust conduit 69.

[0083] The control unit 50 is constructed as a logic circuit including a microcomputer. In a concrete structure, the
control unit 50 includes a CPU 54 that executes a variety of arithmetic and logic operations according to preset control
programs, a ROM 56 in which control programs and control data required for the execution of the various arithmetic and
logic operations by the CPU 54 are stored in advance, a RAM 58 which a diversity of data required for the execution of
the various arithmetic and logic operations by the CPU 54 are temporarily written in and read from, and an input-output
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port 52 that inputs detection signals from the temperature sensors described above and outputs driving signals to the
pumps and the blower 38 described above according to the results of the arithmetic and logic operations executed by
the CPU 54.

[0084] The following describes the configuration of the reformer unit 34. Fig. 3 schematically illustrates the structure
of the reformer unit 34. The reformer unit 34 of this embodiment receives the supplies of the crude fuel gas and the air
from an end connecting with the second fuel supply conduit 64. The supplied crude fuel gas and the air pass through
the inside of the reformer unit 34 and are subjected to the steam reforming reaction and the oxidation reaction (the partial
oxidation reaction). The hydrogen rich gaseous fuel produced through the steam reforming reaction expressed by Equa-
tion (4) and the oxidation reaction expressed by Equation (5) in the reformer unit 34 is discharged from the other end to
the third fuel supply conduit 65. The reformer unit 34 includes a first reaction unit 80 and a second reaction unit 81. The
first reaction unit 80 and the second reaction unit 81 are constructed as metal honeycombs with a Cu-Zn catalyst carried
on the surface thereof. The first reaction unit 80 disposed on the upper stream side (that s, the side close to the connection
with the second fuel supply conduit 64) is designed to have a smaller number of cells discussed later than the second
reaction unit 81 disposed on the lower stream side (that is, the side close to the connection with the third fuel supply
conduit 65).

[0085] Fig. 4 schematically illustrates part of the cross section of the metal honeycomb that defines the first reaction
unit 80 and the second reaction unit 81. The metal honeycomb is formed by laying stainless steel plates 82 and 83 one
upon the other. More specifically the metal honeycomb is formed by alternately laying the flat stainless steel plates 82
and the corrugated stainless steel plates 83 one upon another. The stainless steel plate 83 is corrugated at the intervals
of 1 mm. The alternate arrangement of the corrugated stainless steel plates 83 and the flat stainless steel-plates 82
accordingly gives the honeycomb structure of cells having a substantially square cross section of 1 mm in length of each
side.

[0086] The difference between the first reaction unit 80 and the second reaction unit 81 is the thickness of the stainless
steel plates 82 and 83 used to form the metal honeycomb structure. The different thickness results in a difference
between the number of cells included in the first reaction unit 80 and the number of cells included in the second reaction
unit 81. The first reaction unit 80 has the honeycomb structure formed by the stainless steel plates 82 and 83 of 0.1 mm
in thickness, whereas the second reaction unit 81 has the honeycomb structure formed by the stainless steel plates 82
and 83 of 0.03 mm in thickness. Namely the first reaction unit 80 includes about 75 cells per 1 cm2 of the cross section,
and the second reaction unit 81 includes about 91 cells per 1 cm2 of the cross section. The reformer unit 34 has a fixed
cross section. The honeycomb structures composed of the stainless steel plates of different thicknesses accordingly
make the total sectional area of the gas flow path in the first reaction unit 80 (that is, the sum of the cross sections of
the respective cells included in the first reaction unit 80) smaller than the total sectional area of the gas flow path in the
second reaction unit81 (thatis, the sum of the cross sections of the respective cells included in the second reaction unit 80).
[0087] The catalyst is respectively carried on the surface of the honeycomb structures of the first reaction unit 80 and
the second reaction unit 82. The flow of the crude fuel gas passing through the surface of the honeycomb structures is
subjected to the steam reforming reaction and the oxidation reaction to produce a hydrogen rich gaseous fuel. In this
embodiment, the catalyst carried on the surface of the honeycomb structure is manufactured from copper and zinc oxide
by coprecipitation. The Cu-Zn catalyst obtained by coprecipitation is crushed, is mixed with a binder like an alumina sol,
and is carried on the surface of the honeycomb, for example, by application.

[0088] The flow of the crude fuel gas fed to the reformer unit 34 constructed as discussed above first passes through
the first reaction unit 80 having the less number of cells, that is, having the smaller total sectional area of the gas flow
path, and then the second reaction unit 81 having the greater number of cells, that is, having the greater total sectional
area of the gas flow path. Since the preset flow rate of the crude fuel gas passes through the honeycomb structure
having the smaller total sectional area of the gas flow path and the honeycomb structure having the greater total sectional
area of the gas flow path in this sequence, the flow velocity of the crude fuel gas is higher in the first reaction unit 80 of
the reformer unit 34 than in the second reaction unit 81.

[0089] In the reformer unit 34 of the first embodiment, the higher flow velocity of the crude fuel gas on the upstream
side effectively prevents an abrupt temperature rise on the upstream side and substantially keeps the temperature
distribution in the whole reformer unit 34 in the temperature range of 250 to 300°C, which is suitable for the reforming
reaction. Fig. 5 is a graph showing the internal temperature distributions along the flow of the gas with regard to the
reformer unit 34 of this embodiment and a prior art reformer unit having a fixed cross section of the honeycomb structure.
As described previously, the oxidation reaction has the higher reaction rate than the steam reforming reaction. In the
prior art reformer unit, the oxidation reaction vigorously proceeds in the vicinity of the inlet of the crude fuel gas. This
raises the temperature to approximately 400°C in the neighborhood of the inlet. In the reformer unit 34 of this embodiment,
on the other hand, the crude fuel gas has the high flow velocity on the upstream side, so that the heat produced by the
oxidation reaction proceeding on the upstream side is quickly transmitted to the downstream portion by the fast flow of
the gas. The higher flow velocity of the crude fuel gas on the upstream side prevents the oxidation reaction from being
completed in a narrow area on the upstream side but extends the area of the vigorous oxidation reaction to the lower
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stream portion. This effectively prevents an abrupt temperature rise in the neighborhood of the inlet. The first reaction
unit 80 disposed on the upper stream side has the honeycomb structure formed by the thick stainless steel plates and
accordingly has a large heat capacity. The heat generated by the oxidation reaction thus tends to be transmitted to the
lower stream portion by the flow of the gas, prior to be transmitted to the honeycomb structure and increase the temperature
of the honeycomb structure.

[0090] In the reformer unit 34 of this embodiment, there is no abrupt temperature rise in the vicinity of the inlet. This
advantageously prevents the potential troubles due to the temperature rise, for example, deterioration of the catalyst
and formation of by-products. The reduced deterioration of the catalyst significantly improves the durability of the reformer
unit. The reformer unit 34 of this embodiment is durable over 5000 hours, whereas the prior art reformer unit whose
temperature distribution is shown in Fig. 5 has the duration of approximately 200 hours.

[0091] As described above, in the reformer unit 34 of this embodiment, the area of the vigorous oxidation reaction is
extended to the lower stream portion, and the heat produced by the oxidation reaction proceeding on the upper stream
side is quickly transmitted to the lower stream portion. Unlike the prior art reformer unit, there is accordingly no excessive
temperature drop in the downstream portion of the reformer unit 34. Namely the lower stream portion of the reformer
unit 34 is kept in the highly active state of the steam reforming reaction. This ensures the sufficient utilization of the
catalyst present on the lower stream side and enhances the rate of the steam reforming reaction. The enhanced activity
of the steam reforming reaction on the downstream side enables size reduction of the reformer unit.

[0092] The reformer unit 34 of the first embodiment discussed above has the metal honeycomb structure. A ceramic
honeycomb may, however, be applicable for the reformer unit. The ceramic honeycomb structure is described below as
a modified example of the first embodiment. Like the reformer unit 34 of the first embodiment, the reformer unit of the
modified example has the first reaction unit 80 and the second reaction unit 81. Fig. 6 schematically illustrates the cross
sections of the first reaction unit 80 and the second reaction unit 81 of the ceramic honeycomb structure. Fig. 6(A) shows
an example of the first reaction unit 80 of the ceramic honeycomb structure. Fig. 6(B) shows another example of the
first reaction unit 80 of the ceramic honeycomb structure. Fig. 6(C) shows an example of the second reaction unit 81 of
the ceramic honeycomb structure.

[0093] The example of Fig. 6(A) reduces the cross section of each cell included in the honeycomb structure and the
example of Fig. 6(B) reduces the total number of cells included in the honeycomb structure, in order to reduce the total
sectional area of the gas flow conduit compared with the honeycomb structure shown in Fig. 6(C). The reformer unit 34
constructed by combining the first reaction unit 80 having the structure of either Fig. 6(A) or Fig. 6(B) with the second
reaction unit 81 shown in Fig. 6(C) exerts the similar effects to those discussed in the first embodiment.

[0094] In the embodiment discussed above, the reformer unit 34 is divided into the two internal sections, that is, the
first reaction unit 80 and the second reaction unit 81, and the flow velocity of the crude fuel gas in the former section is
made different from that in the latter section. The reformer unit may alternatively be divided into three or more internal
sections. In this case, the arrangement of making the flow velocity of the gas higher on the upper stream side than on
the lower stream side ensures the similar effects to those discussed in the above embodiment.

[0095] In the embodiment discussed above, the total sectional area of the gas flow conduit on the upper stream side
is made smaller than the total sectional area on the lower stream side by reducing the number of cells per unit cross
section or by reducing the cross section of each cell in the honeycomb structure arranged on the upper stream side of
the reformer unit. Other than the structures discussed above, the structure of expanding the sectional area in the reformer
unit along the flow of the gas may be applied to make the flow velocity of the gas higher on the upper stream side than
on the lower stream side in the reformer unit. Fig. 7 illustrates a reformer unit 34A having such a structure. The reformer
unit 34A has three honeycombs having different total sectional areas. The honeycomb structure located on the upper
stream side has the smaller total sectional area. This arrangement also makes the flow velocity of the gas higher on the
upper stream side than on the lower stream side, thus ensuring the similar effects to those discussed in the above
embodiment. The internal temperature distribution of the reformer unit 34A is shown in the graph of Fig. 5. In the
arrangement of gradually expanding the total sectional area in the reformer unit like the reformer unit 34A, it is not
necessary to vary the number of cells per unit cross section or to vary the cross section of each cell. This arrangement
is not restricted to the three sections, but the reformer unit may have any plural number of sections having different total
sectional areas to exert the above effects, as long as the total sectional area of the flow conduit gradually expands along
the flow of the gas.

[0096] Another structure applied to actively transmit the heat generated by the oxidation reaction proceeding on the
upstream side of the reformer unit to the lower stream portion makes the catalyst for accelerating the steam reforming
reaction and the oxidation reaction carried on a carrier that is mainly composed of a material having a relatively high
thermal conductivity. This structure is described below as a second embodiment. Fig. 8 schematically illustrates the
structure of a reformer unit 90 in the second embodiment. The reformer unit 90 of the second embodiment is included
in a fuel cells system having a similar structure to that of the fuel cells system 20 shown in Fig. 1. As shown in Fig. 8,
the reformer unit 90 has a single reaction unit 92 of a honeycomb structure. Fig. 9(A) is a sectional view schematically
illustrating part of the honeycomb structure of the reaction unit 92. Fig. 9(B) is an enlarged view schematically illustrating
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part of the surface of the honeycomb structure shown in Fig. 9(A) (that is, an encircled area B in Fig. 9(A)).

[0097] Like the reformer unit 34 of the first embodiment, the reformer unit 90 of this embodiment is composed of a
metal honeycomb. In this embodiment, a stainless steel plate 94 having a thickness of 0.05 mm is used for the honeycomb
structure. A catalytic layer 96 having a thickness of approximately 0.05 mm and containing a catalyst for accelerating
the steam reforming reaction and the oxidation reaction is formed on the surface of the stainless steel plate 94. In the
catalytic layer 96, copper molecules and zinc oxide molecules, which form the Cu-Zn catalyst, are dispersed and carried
in a binder having a high thermal conductivity.

[0098] The following describes the method of preparing the catalytic layer 96. The process first prepares CuO-ZnO
powder as the catalyst material by the known coprecipitation technique, and mixes 5% of an alumina sol as a binder
and a material having the higher thermal conductivity than aluminum oxide with the CuO-ZnO powder. Available examples
of the material having the higher thermal conductivity include nitrides, for example, aluminum nitride (AIN) and titanium
nitride (TiN), carbides, for example, silicon carbide (SiC) and boron carbide (B4C), and graphite. The preferable load
ranges from 5 to 30%. Among these materials having the high thermal conductivity, AIN, SiC, and graphite respectively
show the thermal conductivities of 0.07 cal/cm/s/°C, 0.1 cal/cm/s/°C, and 0.301 cal/cm/s/°C, which are all higher than
the thermal conductivity of aluminum oxide conventionally used (0.02 cal/cm/s/°C).

[0099] The process then adds water to the mixture, grinds and blends the mixture with a ball mill, applies the ground
mixture onto the stainless steel plate 94, and causes the stainless steel plate 94 with the mixture thereon to undergo
the heating process and the reduction process. This procedure produces the Cu-Zn catalyst mainly consisting of copper
molecules and zinc oxide molecules from the catalyst material. The Cu-Zn catalyst is dispersed and carried in the binder
containing the material having the high thermal conductivity to form the catalytic layer 96.

[0100] The reformer unit 90 of the above configuration is applied to the fuel cells system 20. When a supply of the
crude fuel gas is flown into the reformer unit 90, the oxidation reaction vigorously proceeds to generate a large quantity
of heat on the upstream side receiving the supply of oxygen as described previously. The heat generated by the oxidation
reaction is not only utilized for the steam reforming reaction proceeding on the upper stream side but quickly transmitted
through the binder containing the material having the high thermal conductivity. Part of the heat transmitted through the
binder is further transmitted to the honeycomb base member composed of stainless steel having the high thermal
conductivity. The heat transmitted to the honeycomb base member of stainless steel passes through the honeycomb
base member to the lower stream portion. The residual heat not transmitted to the honeycomb base member passes
through the binder to the lower stream portion. The heat is transmitted to the lower stream side in the reformer unit 90
in this manner and is utilized for the steam reforming reaction proceeding on the lower stream side.

[0101] In the reformer unit 90 of this embodiment, the catalyst is carried in the binder having the high thermal con-
ductivity, so that the heat generated by the oxidation reaction on the upstream side is quickly transmitted to the lower
stream portion to prevent an abrupt temperature rise on the upstream side. Fig. 10 is a graph showing the internal
temperature distributions along the flow of the gas with regard to the reformer unit 90 of this embodiment and a prior art
reformer unit using a binder that does not contain the material having the high thermal conductivity. Unlike the prior art
reformer unit, in the reformer unit 90 of this embodiment, the heat generated by the oxidation reaction proceeding on
the upstream side is quickly transmitted to the lower stream portion. There is accordingly no abrupt temperature rise on
the upper stream side, and the internal temperature of the reformer unit is favorably kept in the temperature range of
250 to 300°C. In the reformer unit 90 of this embodiment, there is no abrupt temperature rise in the vicinity of the inlet.
This advantageously prevents the potential troubles due to the temperature rise, for example, deterioration of the catalyst
and formation of by-products. The reduced deterioration of the catalyst significantly improves the durability of the reformer
unit. The reformer unit 90 of this embodiment is durable over 5000 hours, whereas the prior art reformer unit whose
temperature distribution is shown in Fig. 10 has the duration of approximately 200 hours.

[0102] As described above, in the reformer unit 90 of this embodiment, the heat produced by the oxidation reaction
proceeding on the upper stream side is quickly transmitted to the lower stream portion. Unlike the prior art reformer unit,
there is accordingly no excessive temperature drop in the downstream portion of the reformer unit 90. Namely the lower
stream portion of the reformer unit 90 is kept in the highly active state of the steam reforming reaction. This ensures the
sufficient utilization of the catalyst present on the lower stream side and enhances the rate of the steam reforming
reaction. This arrangement enables size reduction of the reformer unit.

[0103] In the structure of the second embodiment, the catalytic layer 96 using the binder that contains the material
having the high thermal conductivity is formed on the honeycomb base member made of the stainless steel plate having
the excellent thermal conductivity. Both the catalytic layer 96 and the stainless steel plate 94 conduct heat from the
upper stream side to the lower stream side. This effectively attains the high efficiency of heat conduction. In one modified
structure, the catalytic layer 96 may be formed on the ceramic honeycomb base member. In another modified structure,
the catalyst may be mixed with a binder having the high thermal conductivity, formed to pellets, and packed into the
reformer unit. These modified structures also assure the effects caused by the enhanced thermal conductivity from the
upper stream side to the lower stream side.

[0104] The structure of suppressing the activity of the oxidation reaction on the upper stream side by making the
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existing quantity of the catalyst carried on the upper stream side smaller than that carried on the lower stream side in
the reformer unit is described below as a third embodiment. Fig. 11 schematically illustrates the structure of a reformer
unit 100 in the third embodiment. The reformer unit 100 of the third embodiment is included in a fuel cells system having
a similar structure to that of the fuel cells system 20 shown in Fig. 1. As shown in Fig. 11, the reformer unit 100 has a
first reaction unit 101 and a second reaction unit 102. The first reaction unit 101 and the second reaction unit 102 have
the honeycomb structures of a similar shape. The Cu-Zn catalyst is carried on the surface of the honeycomb structure
as discussed in the above embodiments. The quantity of the catalyst carried on the honeycomb structure of the second
reaction unit 102 is greater than that carried on the honeycomb structure of the first reaction unit 101. The first reaction
unit 101 has the Cu-Zn catalyst carried thereon at the rate of 50 g/l (the quantity of the catalyst per unit volume of the
honeycomb), whereas the second reaction unit 102 has the Cu-Zn catalyst carried thereon at the rate of 180 g/I.
[0105] In the reformer unit 100 of the above configuration, since the first reaction unit 101 on the upper stream side
has a smaller quantity of the catalyst carried thereon, the progress of the oxidation reaction is suppressed on the side
receiving the supply of the crude fuel gas and the supply of the air. This arrangement prevents the oxidation reaction
from abruptly proceeding on the upper stream side of the reformer unit but extends the area of the vigorous oxidation
reaction to the lower stream portion. This effectively prevents an abrupt temperature rise on the upper stream side.
[0106] Fig. 12 is a graph showing the internal temperature distributions along the flow of the gas with regard to the
reformer unit 100 of this embodiment and a prior art reformer unit of the honeycomb structures that have an identical
quantity of the catalyst carried both on the upper stream side and on the lower stream side. Unlike the prior art reformer
unit, in the reformer unit 100 of this embodiment, the progress of the oxidation reaction is suppressed on the upper
stream side. There is accordingly no abrupt temperature rise on the upper stream side, and the internal temperature of
the reformer unit is favorably kept in the temperature range of 250 to 300°C. In the reformer unit 100 of this embodiment,
there is no abrupt temperature rise in the vicinity of the inlet. This advantageously prevents the potential troubles due
to the temperature rise, for example, deterioration of the catalyst and formation of by-products. The reduced deterioration
of the catalyst significantly improves the durability of the reformer unit. The reformer unit 100 of this embodiment is
durable over 5000 hours, whereas the prior art reformer unit whose temperature distribution is shown in Fig. 12 has the
duration of approximately 200 hours.

[0107] As described above, in the reformer unit 100 of this embodiment, the area of the vigorous progress of the
exothermic oxidation reaction is extended to the lower stream portion. Unlike the prior art reformer unit, there is accordingly
no excessive temperature drop in the downstream portion of the reformer unit 100. Namely the lower stream portion of
the reformer unit 100 is kept in the highly active state of the steam reforming reaction. This ensures the sufficient utilization
of the catalyst present on the lower stream side and enhances the rate of the steam reforming reaction. This arrangement
enables size reduction of the reformer unit.

[0108] In the structure of the third embodiment, the quantity of the catalyst carried on the reformer unit 100 is varied
in two stages. The quantity of the catalyst may, however, be varied in three or more stages. The effects discussed above
are attained by reducing the quantity of the catalyst carried on the upper stream side. The arrangement of making the
smaller quantity of the catalyst carried on the upper stream side and regulating the number of the stages in which the
quantity of the catalyst is varied enables the further homogenization of the internal temperature of the reformer unit and
enhances the effects discussed above.

[0109] Inthe structure of the third embodiment, the steam reforming reaction and the oxidation reaction are accelerated
by the identical Cu-Zn catalyst. In a modified structure, the steam reforming reaction and the oxidation reaction may be
accelerated by different catalyst. In the latter case, the arrangement reduces only the quantity of the catalyst for accel-
erating the oxidation reaction on the upper stream side, instead of varying the total quantity of the catalysts between the
upper stream side and the lower stream side.

[0110] The structure of lowering the concentration of oxygen included in the gas supplied to the reformer unit to
suppress the activity of the oxidation reaction on the upper stream side and increasing the flow velocity of the gas supply
to transmit the heat generated by the oxidation reaction on the upper stream side to the lower stream portion is described
as a fourth embodiment. Fig. 13 schematically illustrates the structure of a reformer unit 110 in the fourth embodiment.
The reformer unit 110 of the fourth embodiment is included in a fuel cells system having a similar structure to that of the
fuel cells system 20 shown in Fig. 1 except some difference. In the following description, the like numerals denote the
like constituents.

[0111] In the structure of the embodiment discussed above, the air supply conduit 39, through which the air is fed
from the blower 38 to the reformer unit, joins the second fuel supply conduit 64. The crude fuel gas is accordingly mixed
with the air before being supplied to the reformer unit. In the fuel cells system including the reformer unit 110 of the
fourth embodiment, on the other hand, the air supply conduit 39 is directly connected to the reformer unit 110. In the
fuel cells system including the reformer unit 110 of this embodiment, the oxidizing gas exhaust discharged from the fuel
cells 40 to the oxidizing gas exhaust conduit 69 is also flown into the reformer unit 110, together with the air taken in by
the blower 38. The normal air contains oxygen of approximately 20%. Since a certain amount of oxygen is consumed
by the electrochemical reactions in the fuel cells, the oxidizing gas exhaust discharged from the fuel cells has the less
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content of oxygen than the air. The concentration of oxygen included in the oxidizing gas exhaust depends upon the
excess ratio of oxygen (that is, the ratio of the quantity of oxygen included in the air actually supplied to the quantity of
oxygen theoretically required) in the oxidizing gas supplied to the fuel cells. In the fuel cells system of this embodiment,
the concentration of oxygen included in the oxidizing gas exhaust is approximately 10%. The mixed supply of the air
and the oxidizing gas exhaust to the reformer unit 110 thus enables the concentration of oxygen supplied to the reformer
unit 110 to be regulated in the range of approximately 10% to approximately 20%.

[0112] The structure of the reformer unit 110 is described in detail with referring to Fig. 13. The reformer unit 110
includes a single reaction unit 111 of the honeycomb structure that has the Cu-Zn catalyst carried on the surface thereof.
The air supply conduit 39 joins the oxidizing gas exhaust conduit 69 to form a second air supply conduit 115. The gaseous
mixture of the air and the oxidizing gas exhaust (hereinafter referred to as the air mixture) flows through the second air
supply conduit 115 and is supplied to the upper stream side of the reformer unit 110, which receives the supply of the
crude fuel gas flown through the second fuel supply conduit 64. A mass flow controller 112 is provided in the air supply
conduit 39 at a specific position in the vicinity of the meeting point to the second air supply conduit 115, and regulates
the quantity of the air flown to the second air supply conduit 115. In a similar manner, a mass flow controller 113 is
provided in the oxidizing gas exhaust conduit 69 at a specific position in the vicinity of the meeting point to the second
air supply conduit 115, and regulates the quantity of the oxidizing gas exhaust flown to the second air supply conduit
115. These mass flow controllers 112 and 113 are connected to the control unit 50 described previously. The control
unit 50 regulates the mixing ratio of the air supplied through the air supply conduit 39 to the oxidizing gas exhaust supplied
through the oxidizing gas exhaust conduit 69. An oxygen concentration sensor 114 is disposed in the second air supply
conduit 115. The oxygen concentration sensor 114 is also connected to the control unit 50. Information regarding the
concentration of oxygen included in the air mixture is input into the control unit 50. A temperature sensor 117 is disposed
in the reaction unit 111 at a predetermined position apart from the upstream end thereof. The temperature sensor 117
is also connected to the control unit 50. Information regarding the temperature in the reaction unit 111 is input into the
control unit 50.

[0113] The arrangement of this embodiment lowers the concentration of oxygen included in the oxygen-containing air
mixture supplied to the reformer unit 110, while enhancing the flow velocity of the gas flowing through the reaction unit
111. This arrangement effectively prevents an abrupt temperature rise on the upper stream side of the reformer unit
110. The lowered concentration of oxygen included in the air mixture supplied to the reformer unit 110 lowers the
concentration of oxygen included in the gas flowing through the inside of the reaction unit 111 and suppresses the activity
of the oxidation reaction on the upper stream side, thus preventing an abrupt temperature rise on the upper stream side.
The lowered concentration of oxygen included in the oxygen-containing air mixture increases the flow rate of the air
mixture supplied to the reaction unit 111 and thereby enhances the flow velocity of the gas flowing through the inside
of the reaction unit 111. This arrangement enables oxygen to be carried to the lower stream portion before oxygen is
used up by the oxidation reaction proceeding on the upstream side and accordingly extends the area of the vigorous
oxidation reaction to the lower stream portion. The enhanced flow velocity of the gas flowing through the inside of the
reaction unit 111 enables the heat evolved by the oxidation reaction proceeding on the upstream side to be quickly
transmitted to the lower stream portion and thus effectively prevents an excessive temperature rise on the upper stream
side of the reaction unit.

[0114] Fig. 14 is a flowchart showing an air load regulation routine executed in the fuel cells system including the
reformer unit 110 of this embodiment. In the fuel cells system including the reformer unit 110, when it is determined that
the internal temperature of the reformer unit 110 sufficiently rises to the stationary state after an operation of a non-
illustrated start switch to give an instruction of starting the fuel cells system, this routine is repeatedly executed at
predetermined time intervals.

[0115] When the program enters this routine, the CPU 54 first reads the quantity of methanol included in the crude
fuel gas supplied to the reformer unit 110, based on the driving amount of the second pump 71 disposed in the methanol
flow conduit 60 (step S200). The CPU 54 subsequently calculates the quantity of oxygen to be supplied to the reformer
unit 110 corresponding to the input quantity of methanol and drives the mass flow controllers 112 and 113 to enable a
supply of the required quantity of oxygen (step S210). The specification of the quantity of methanol supplied to the
reformer unit determines the quantity of oxygen required to make the amounts of heat required for the steam reforming
reaction balance the amount of heat evolved by the oxidation reaction. The mass flow controllers 112 and 113 are
accordingly driven to supply the air containing the calculated quantity of oxygen to the reformer unit 110. The driving
amount of each mass flow controller to supply the required quantity of oxygen is set in advance as a reference driving
amount corresponding to each quantity of oxygen supply and is stored in the control unit 50.

[0116] After driving the mass flow controllers 112 and 113 to start a supply of the air mixture containing the required
quantity of oxygen to the reformer unit 110, the CPU 54 reads an internal temperature T1 on the upstream side of the
reaction unit 111 from the temperature sensors 117 (step S220). The internal temperature T1 is then compared with a
predetermined reference temperature Ta (step S230). The predetermined reference temperature Ta is set in advance
as an upper limit of the internal temperature T1 on the upstream side and is stored in the control unit 50. In this embodiment,
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the predetermined reference temperature Ta is set equal to 300°C.

[0117] Inthe case wherethe observed internaltemperature T1 onthe upper stream side is lower than the predetermined
reference temperature Ta at step S230, it is determined that the internal temperature T1 on the upstream side of the
reaction unit 111 is a sufficiently low level. The program then exits from this routine. In the case where the observed
internal temperature T1 on the upper stream side is not lower than the predetermined reference temperature Ta, on the
other hand, the CPU 54 decreases the driving amount of the mass flow controller 112 while increasing the driving amount
of he mass flow controller 113. This increases the fraction of the oxidizing gas exhaust included in the air mixture supplied
to the reformer unit 110 without changing the flow rate of oxygen supply per unit time (step S240). The technique of this
embodiment sets in advance a minimum unit of variation with regard to the fraction of the oxidizing gas exhaust, that is,
with regard to the concentration of oxygen included in the air mixture supplied to the reformer unit 110. The procedure
of step S240 lowers the concentration of oxygen by every minimum unit of variation. Another applicable procedure may
regulate the fraction of the oxidizing gas exhaust according to the difference between the internal temperature T1 and
the predetermined reference temperature Ta. The increased fraction of the oxidizing gas exhaust lowers the total con-
centration of oxygen included in the gas supplied to the reformer unit 110, thus suppressing the oxidation reaction
proceeding on the upper stream side. The increased fraction of the oxidizing gas exhaust without changing the flow rate
of oxygen supply per unit time increases the flow rate of the air mixture supplied to the reformer unit 110 and enhances
the flow velocity of the gas passing through the inside of the reformer unit 110. This enables the heat evolved by the
oxidation reaction proceeding on the upstream side to be more quickly transmitted to the lower stream portion. Namely
the execution of the processing at step S240 effectively lowers the internal temperature T1 on the upper stream side of
the reaction unit 111.

[0118] After varying the fraction of the oxidizing gas exhaust at step S240, the program returns to the series of
processing of and after step S220 to read the observed internal temperature T1 and compare the internal temperature
T1 with the predetermined reference temperature Ta. When the internal temperature T1 is lower than the predetermined
reference temperature Ta at step S230, it is determined that the fraction of the oxidizing gas exhaust included in the air
mixture supplied to the reformer unit 110 is an adequate level and that the internal temperature T1 on the upper stream
side of the reaction unit 111 is a sufficiently low level. The program then exits from this routine.

[0119] In the fuel cells system including the reformer unit 110 of this embodiment, the oxygen concentration sensor
114 is disposed in the second air supply conduit 115 as described above. The concentration of oxygen included in the
air mixture supplied to the reformer unit 110 is corrected, based on the measurement of the oxygen concentration sensor
114. In accordance with a concrete procedure, when the mass flow controllers are driven either at step S210 or at step
S240 in the air load regulation routine, the concentration of oxygen included in the air mixture supplied to the reformer
unit 110 is measured with the oxygen concentration sensor 114. The driving amounts of the mass flow controllers are
corrected, based on the result of the measurement.

[0120] The fuel cells system including the reformer unit 110 of the fourth embodiment thus constructed regulates the
concentration of oxygen included in the air mixture supplied to the reformer unit 110. The decrease in concentration of
oxygen included in the air mixture effectively suppresses the progress of the oxidation reaction on the feeding side that
receives the supply of the crude fuel gas and the supply of the air mixture. This prevents an abrupt temperature rise on
the upper stream side. The arrangement of lowering the concentration of oxygen included in the air mixture while keeping
a fixed quantity of oxygen supply per unit time to the reformer unit 110 increases the flow rate of the air mixture and
enhances the flow velocity of the gas flowing through the inside of the reaction unit 111. This enables the heat produced
by the oxidation reaction proceeding on the upstream side to be quickly transmitted to the lower stream portion, thus
preventing an excessive temperature rise on the upper stream side.

[0121] The suppressed oxidation reaction on the upper stream side extends the area of the vigorous oxidation reaction
to the lower stream portion. Unlike the prior art reformer unit, there is accordingly no excessive temperature drop in the
downstream portion of the reformer unit 110. The enhanced flow velocity of the gas flowing through the inside of the
reaction unit 111 enables the heat evolved on the upstream side to be quickly transmitted to the lower stream portion.
This also contributes to prevention of a temperature drop in the lower stream portion. Namely the lower stream portion
of the reformer unit 110 is kept in the highly active state of the steam reforming reaction. This ensures the sufficient
utilization of the catalyst present on the lower stream side and enhances the rate of the steam reforming reaction. This
arrangement enables size reduction of the reformer unit.

[0122] The arrangement of the fourth embodiment specifies the quantity of methanol included in the crude fuel gas
supplied to the reformer unit 110 based on the driving amount of the second pump 71 disposed in the methanol flow
conduit 60, and determines whether or not the oxidation reaction excessively proceeds on the upper stream side based
on the result of the measurement of the temperature sensor 117. The specification of the quantity of methanol supplied
to the reformer unit 110 and the determination regarding the progress of the oxidation reaction and the steam reforming
reaction in the reformer unit 110 may be carried out by utilizing the results of measurements other than those mentioned
above or in addition to those mentioned above. For example, a sensor that analyzes a component of the gas flowing
through the third fuel supply conduit 65 may be disposed in the third fuel supply conduit 65, in order to determine the
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progress of the steam reforming reaction and the oxidation reaction in the reformer unit 110. The sensor measures the
quantity of, for example, methanol, hydrogen, carbon dioxide, or oxygen included in the gaseous fuel discharged from
the reformer unit 110. The progress of the steam reforming reaction and the oxidation reaction in the reformer unit 110
may be determined by additionally utilizing the results of this measurement.

[0123] In the structure of the fourth embodiment, the air mixture is supplied only to the upstream side of the reformer
unit 110. Another preferable structure feeds the supply of the air mixture to a plurality of different places. This structure
is described below as a modified example of the fourth embodiment. Fig. 15 schematically illustrates the structure of a
reformer unit 110A in the modified example of the fourth embodiment. The reformer unit 110A includes two reaction
units 111A and 111B, each receiving a supply of the air mixture. The flow of the crude fuel gas supplied to the reformer
unit 110A passes through the reaction units 111A and 111B in this sequence. The air supply conduit 39 and the oxidizing
gas exhaust conduit 69, through which the air and the oxidizing gas exhaust are flown into the reformer unit 110A,
respectively branch off to air branch paths 39A and 39B and to oxidizing gas exhaust branch paths 69A and 69B. The
air branch path 39A joins the oxidizing gas exhaust branch path 69A to form a second air supply conduit 115A, through
which the air mixture is supplied to the reaction unit 111A on the upper stream side. The air branch path 39B, on the
other hand, joins the oxidizing gas exhaust branch path 69B to form a second air supply conduit 115B, through which
the air mixture is supplied to the reaction unit 111B on the lower stream side. In the same manner as discussed in the
fourth embodiment, the flow rates and the concentrations of oxygen included in the supplies of the air mixture to the
respective reaction units are regulated by adjusting the driving amounts of mass flow controllers 112A, 112B, 113A, and
113B, based on the quantity of methanol supplied to the reformer unit 110A and the temperatures on the upper stream
side of the respective reaction units.

[0124] The reformer unit 110A of this configuration supplies the air mixture in a divisional manner and decreases the
quantity of oxygen included in each supply of the gas, thus more effectively preventing a local excessive temperature
rise. The reformer unit is divided into the plurality of reaction units, and the supply of the air mixture is flown into each
reaction unit. This regulates the temperature distribution in the reformer unit with the higher accuracy and enables the
inside of the reformer unit to be more readily kept in the desirable temperature range.

[0125] Fig. 16 is a graph showing the internal temperature distributions along the flow of the gas with regard to the
reformer unit 110A described above and a prior art reformer unit that receives a supply of the normal air as an oxygen
source required for the oxidation reaction. Unlike the prior art reformer unit, in the reformer unit 110A, the progress of
the oxidation reaction on the upstream side is suppressed. There is accordingly no abrupt temperature rise on the upper
stream side, and the internal temperature of the reformer unit is favorably kept in the temperature range of 250 to 300°C.
As described above, in the reformer units 110 and 110A of this embodiment, there is no abrupt temperature rise in the
vicinity of the inlet. This advantageously prevents the potential troubles due to the temperature rise, for example, dete-
rioration of the catalyst and formation of by-products. Like the embodiments discussed above, this arrangement signif-
icantly improves the durability of the reformer unit.

[0126] The reformer units 110 and 110A of this embodiment have the reaction units of the honeycomb structures. In
a modified structure, the reformer unit may be filled with pellets with the catalyst carried thereon. This modified structure
also exerts the similar effects by regulating the concentration of oxygen included in the air mixture supplied to the reformer
unit as the oxygen source required for the oxidation reaction.

[0127] The third and the fourth embodiments discussed above suppress the activity of the oxidation reaction proceeding
on the upper stream side of the reformer unit, in order to prevent an abrupt temperature rise on the upper stream side.
In accordance with another possible structure, the area of the vigorous oxidation reaction and the area of the inactive
oxidation reaction are changeable in the catalytic section. This arrangement varies the area of heat evolution and thus
prevents a local excessive temperature rise. The reformer unit of such structure, in which the inlet receiving the supplies
of the crude fuel gas and oxygen is changeable with the outlet outputting the hydrogen rich gaseous fuel, is described
below as a fifth embodiment.

[0128] Fig. 17 schematically illustrates the structure of a reformer unit 120 in the fifth embodiment. The reformer unit
120 of the fifth embodiment is included in a fuel cells system having a similar structure to that of the fuel cells system
20 shown in Fig. 1. As shown in Fig. 17, the reformer unit 120 has a single reaction unit 121 of a honeycomb structure
with the Cu-Zn catalyst carried on the surface thereof. The reaction unit 121 has temperature sensors 122 and 123 that
measure the internal temperature at both ends of the reaction unit 121. These temperature sensors are connected to
the control unit 50. Pieces of information regarding the internal temperature at both ends of the reaction unit 121 are
input into the control unit 50.

[0129] In the structure of this embodiment, the second fuel supply conduit 64 branches off to a first supply branch
path 124 and a second supply branch path 125, which are connected to the respective ends of the reformer unit 120.
One end of the reformer unit 120 connects with a first discharge branch path 126 as well as with the first supply branch
path 124. The other end of the reformer unit 120 connects with a second discharge branch path 127 as well as with the
second supply branch path 125. The first discharge branch path 126 joins the second discharge branch path 127 to
form the third fuel supply conduit 65, which leads to the CO reduction unit 36. Solenoid valves 128, 129, 128A, and 129A
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are respectively provided in the first supply branch path 124, the second supply branch path 125, the first discharge
branch path 126, and the second discharge branch path 127. These solenoid valves 128, 129, 128A, and 129A are
connected to the control unit 50, which control the on-off state of these solenoid valves.

[0130] In the reformer unit 120 of this structure, the on-off state of the solenoid valves is changeable between a first
state, in which the solenoid valves 128 and 128A are in ON position and the solenoid valves 129 and 129A are in OFF
position, and a second state, in which the solenoid valves 129 and 129A are in ON position and the solenoid valves 128
and 128A are in OFF position. When the on-off state of the solenoid valves is in the first state, the supply of the crude
fuel gas flown from the second fuel supply conduit 64 passes through the reaction unit 121 from left to right in the drawing
of Fig. 13. When the on-off state of the solenoid valves is in the second state, on the other hand, the supply of the crude
fuel gas passes through the reaction unit 121 from right to left in the drawing of Fig. 13.

[0131] Fig. 18 is a flowchart showing a gas inlet changeover routine executed in the fuel cells system 20 to change
over the inlet of the gas in the reformer unit 120. When a non-illustrated start switch is operated to give an instruction
of starting the fuel cells system 20, this routine is repeatedly executed at predetermined time intervals

[0132] When the program enters this routine, the CPU 54 first determines whether or not the on-off state of the solenoid
valves is in the first state (step S300). In the case of the first state, the CPU 54 reads an internal temperature T1 at the
upper stream end, which receives the supply of the gas, from the temperature sensor 122 (step S310). The observed
internal temperature T1 is compared with a predetermined reference temperature TO (step S320). The predetermined
reference temperature TO is set in advance as a criterion showing that the internal temperature of the reaction unit 121
is rising to an undesired level, and is stored in the control unit 50. In this embodiment, the predetermined reference
temperature TO is set equal to 300°C. In the case where the internal temperature T1 has not yet reached the reference
temperature TO at step S320, the program returns to step S310 and repeats the process of reading and comparing the
internal temperature until the internal temperature T1 reaches the reference temperature TO.

[0133] Whenitis determined at step S320 that the internal temperature T1 is not lower than the reference temperature
TO, the CPU 54 sets all the solenoid valves in OFF position and starts measuring an elapse of time t with a non-illustrated
timer included in the control unit 50 (step S330). The process of setting all the solenoid valves in OFF position at step
S330 stops the gas flow in and out of the reformer unit 120 and causes the steam reforming reaction and the oxidation
reaction to continue with the remaining crude fuel gas in the reaction unit 121. The elapse of time t is compared with a
predetermined reference time t0 (step S340). The predetermined reference time t0 is set in advance as a time required
for completion of the steam (reforming reaction and the oxidation reaction using the remaining crude fuel gas in the
reformer unit 120 and is stored in the control unit 50. In this embodiment, the predetermined reference time t0 is set
equal to 1 sec. In the case where the elapse of time t has not yet reached the predetermined reference time t0 at step
S340, the process of step S340 is repeatedly executed until the predetermined reference time t0 elapses. In the case
where the elapse of time t reaches the predetermined reference time t0 at step S340, the CPU 54 outputs a driving
signal to the selected solenoid valves and sets the on-off state of the solenoid valves in the second state (step S350).
The program then exits from this routine.

[0134] In the case of the negative answer at step S300, it is determined that the reformer unit 120 is in the second
state. The CPU 54 reads an internal temperature T2 at the upper stream end, which receives the supply of the gas, from
the temperature sensor 123 (step S360). The program subsequently carries out the processing of steps S370 through
S390, which is similar to the processing of steps S320 through S340 discussed above. When the internal temperature
T2 the predetermined reference value TO (300°C in this embodiment) with the progress of the oxidation reaction, all the
solenoid valves are set in OFF position for the predetermined time period (1 sec in this embodiment). The program then
sets the on-off state of the solenoid valves in the first state (step S400), and exits from this routine.

[0135] As mentioned above, the gas inlet changeover routine is repeatedly executed at preset time intervals, when
the non-illustrated start switch is operated to give the instruction of starting the fuel cells system 20. In the initial stage
when the instruction is given to actuate the fuel cells system 20, the on-off state of the solenoid valves may be set in
either the first state or the second state. For example, the last on-off state of the solenoid valves in the previous actuation
of the fuel cells system 20 may be kept as the initial state for the current actuation of the fuel cells system 20. In another
example, either the first state or the second state may be fixed to the on-off state of the solenoid valves at the start of
the fuel cells system 20.

[0136] The fuel cells system including the reformer unit 120 of the fifth embodiment thus constructed, the place of
receiving the supply of the air mixture is changeable between the upper stream side and the lower stream side in the
reformer unit 120. The direction of the gas flow in the reaction unit 121 is thus reversible. This arrangement effectively!
prevents an excessive temperature rise on one end of the reformer unit with the heat evolved by the oxidation reaction.
There is accordingly no abrupt temperature rise on the upper stream side. The changeover of the direction of the gas
flow is based on the observed temperature at the end of the reaction unit 121. This securely prevents an excessive
temperature rise at the end of the reaction unit 121.

[0137] The changeover of the direction of the gas flow enables the either end of the reaction unit 121 to function as
the upper stream side. Unlike the prior art reformer unit, there is accordingly no significant temperature drop in a specific
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area on the lower stream side. Namely both sides of the reformer unit 120 are kept in the highly active state of the steam
reforming reaction. This ensures the sufficient utilization of the catalyst included in the whole reaction unit 121 and
enhances the rate of the steam reforming reaction. This arrangement enables size reduction of the reformer unit.
[0138] Fig. 19 is a graph showing the internal temperature distributions from one end to the other end with regard to
the reformer unit 120 described above and a prior art reformer unit that has a fixed direction of the internal gas flow.
Unlike the prior art reformer unit, the reformer unit 120 effectively suppresses the excessive progress of the oxidation
reaction at a specific end. The either end of the reformer unit 120 may function as the upper stream side and the internal
temperature of the reformer unit is thus favorably kept in the temperature range of 250 to 300°C. As described above,
in the reformer unit 120 of this embodiment, there is no abrupt temperature rise in the vicinity of the inlet. This advan-
tageously prevents the potential troubles due to the temperature rise, for example, deterioration of the catalyst and
formation off by-products. Like the embodiments discussed above, this arrangement significantly improves the durability
of the reformer unit.

[0139] The reformer unit 120 of this embodiment has the reaction unit of the honeycomb structure. In a modified
structure, the reformer unit may be filled with pellets with the catalyst carried thereon. This modified structure also exerts
the similar effects by changing over the direction of the gas flow that passes through the inside of the reformer unit.
[0140] Inthereformer unit 120 of this embodiment, the direction of the gas flow is changed over, based on the observed
temperature at the end of the reaction unit 121. The direction of the gas flow may, however, be changed over based on
another factor. The arrangement of changing over the direction of the gas flow according to the observed temperature
at the end of the reaction unit 121 ensures the remarkable effect of keeping the internal temperature of the reformer unit
120 in the predetermined temperature range, even when the flow rate of the crude fuel gas supplied to the reformer unit
120 varies to fluctuate the degree of the progress of the steam reforming reaction and the oxidation reaction proceeding
in the reformer unit 120. For example, when there is a sufficiently little variation in flow rate of the crude fuel gas supplied
to the reformer unit, the direction of the gas flow may be changed over at preset time intervals.

[0141] The structure of stirring catalytic particles sealed in the reformer unit to prevent an excessive temperature rise
in a specific area on the upper stream side of the reformer unit is described below as a sixth embodiment. Fig. 20
schematically illustrates the structure of a reformer unit 130 and members connecting with the reformer unit 130 in the
sixth embodiment. The reformer unit 130 of the sixth embodiment is included in a fuel cells system having a similar
structure to that of the fuel cells system 20 shown in Fig. 1. In the following description, the like constituents are expressed
by the like numerals and are not specifically explained.

[0142] Particles of the Cu-Zn catalyst are sealed in the reformer unit 130. The Cu-Zn catalyst prepared by the known
coprecipitation technique is granulated to have the mean particle diameter of approximately 500 wm. Another procedure
disperses the Cu-Zn catalyst in a selected solvent and sprays the dispersion from a spray drier to form the fine particles
of the above mean particle diameter. The catalytic particles may have any size as long as the particles are sufficiently
stirred with the gas flow injected into the reformer unit with the catalytic particles sealed therein. For example, the
preferable particle diameter ranges from 100 pm to several mm. The catalytic particles may have any shape, but the
substantially spherical shape is preferable for the high stirring efficiency.

[0143] Like the embodiments discussed above, the supply of the crude fuel gas containing methanol and steam and
the supply of the intake air by the blower 38 are flown into the reformer unit 130. In this embodiment, the supplies of the
crude fuel gas and the air are led into the reformed unit 130 via pressure control valves 132 and injection nozzles 134.
Methanol and water are vaporized and heated in the evaporator 32. The crude fuel gas discharged from the evaporator
32 accordingly has certain temperature and pressure. The flow of the crude fuel gas is mixed with the flow of the air
supplied through the air supply conduit 39 and injected into the reformer unit 130 via the pressure control valves 132
and the injection nozzles 134. The catalytic particles are sealed in the reformer unit 130 as mentioned above. The jet
of the crude fuel gas containing the air fluidizes and stirs the catalytic particles in the reformer unit 130 as shown by the
arrows in Fig. 20. In the reformer unit 130 of this embodiment, the flow of the crude fuel gas containing the air is injected
from seven different positions. The gas flow may, however, be injected from any arbitrary number of positions as long
as the catalytic particles are sufficiently stirred in the reformer unit. The internal volume of the reformer unit 130 may be
determined such that a predetermined amount of the catalytic particles are sufficiently stirred with the gas flow (the crude
fuel gas containing oxygen) supplied at a preset flow rate under a predetermined pressure.

[0144] A filter 136 composed of foamed nickel is provided on the other end of the reformer unit 130 opposite to the
end connecting with the injection nozzles. The filter 136 has a sufficiently fine mesh, which prevents a leakage of the
catalytic particles sealed in the reformer unit 130 but allows the flow of the gaseous fuel produced in the reformer unit
130 to the CO reduction unit 36. The gaseous fuel passing through the filter 136 is led into the CO reduction unit 36,
which reduces the concentration of carbon monoxide included in the gaseous fuel, and is then supplied to the fuel cells 40.
[0145] In the fuel cells system including the reformer unit 130 thus constructed, the catalytic particles sealed in the
reformer unit 130 are continuously stirred by the flow of the crude fuel gas containing the air. The catalytic particles
located at the positions where the crude fuel gas containing a high concentration of oxygen is supplied are continuously
replaced. This arrangement thus effectively prevents an excessive temperature rise in a specific area of the catalyst
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with the heat produced by the oxidation reaction. The gas injected into the reformer unit to stir the catalytic particles is
identical with the gas subjected to the steam reforming reaction and the oxidation reaction proceeding in the reformer
unit (the crude fuel gas containing the air). Namely this arrangement enables the action of stirring the catalytic particles
to be carried out simultaneously with the action of supplying the crude fuel gas to the reformer unit 130. The gas flow
injected into the reformer unit does not effect the reactions proceeding in the reformer unit or the electrochemical reactions
proceeding in the fuel cells.

[0146] The heat produced by the oxidation reaction is dispersed in the reformer unit 130 by stirring the catalytic particles
in the reformer unit 130. Unlike the prior art reformer unit, there is accordingly no significant temperature drop in a specific
area on the lower stream side. The whole reformer unit 130 with the catalytic particles is accordingly kept in the highly
active state of the steam reforming reaction. This favorably enhances the rate of the steam reforming reaction.

[0147] Fig. 21 is a graph showing the internal temperature distributions from one end to the other end with regard to
the reformer unit 130 described above and a prior art reformer unit that has a fixed direction of the internal gas flow. The
crude fuel gas having the temperature of 250°C and the flow rate of 670 1/min is mixed with the air having the flow rate
of 140 1/min, and the mixed gas is injected under 5 atmospheric pressure from the injection nozzles 134 into the reformer
unit 130. Unlike the prior art reformer unit, the oxidation reaction does not excessively proceed at a specific end of the
reformer unit 130. The catalytic particles inside the reformer unit 130 are uniformly involved in the reaction, so that the
internal temperatures of the reformer unit is favorably kept in the temperature range of 250 to 300°C. As described
above, in the reformer unit 130 of this embodiment, there is no abrupt temperature rise in the vicinity of the inlet. This
advantageously prevents the potential troubles due to the temperature rise, for example, deterioration of the catalyst
and formation of by-products. Like the embodiments discussed above, this arrangement significantly improves the
durability of the reformer unit.

[0148] In the sixth embodiment discussed above, the crude fuel gas containing the air is used for the gas injected into
the reformer unit 130 for the purpose of stirring. A gas composed of at least one of vaporized methanol, steam, and the
air may be used for the same purpose. In the latter case, the residual components other than the gas component injected
into the reformer unit to stir the catalyst are supplied to a predetermined position (the upper stream side close to the gas
jets is desirable) in the reformer unit with the catalytic particles sealed therein.

[0149] Inthe arrangement of the sixth embodiment, the high-pressure gas is injected into the reformer unit 130 to stir
the catalytic particles sealed in the reformer unit 130. The catalytic particles may, however, be stirred by any other
means. For example, mechanical means may be disposed in the reformer unit to stir the catalytic particles.

[0150] The structure of changing the flow site, which receives the supply of the air subjected to the oxidation reaction,
with time in the catalytic section is described below as a seventh embodiment. Fig. 22 schematically illustrates the
structure of a reformer unit 140 in the seventh embodiment. The reformer unit 140 of the seventh embodiments is included
in a fuel cells system having a similar structure to that of the fuel cells system 20 shown in Fig. 1. As shown in Fig. 22,
the reformer unit 140 is formed in a substantially cylindrical shape and has a single reaction unit 141 of a honeycomb
structure with the Cu-Zn catalyst carried on the surface thereof. The reformer unit 140 is rotatable by means of a non-
illustrated motor. Like the embodiments discussed above, the reformer unit 140 receives the supply of the crude fuel
gas flown through the second fuel supply conduit 64 and discharges the resulting gaseous fuel to the third fuel supply
conduit 65. The second fuel supply conduit 64 and the third fuel supply conduit 65 are connected to the approximate
centers of the substantially circular cross sections of the reformer unit 140. The motor is driven to rotate the reformer
unit 140 at a rate of one rotation per second around the center of the cross section.

[0151] The supply of the crude fuel gas flown through the second fuel supply conduit 64 and the supply of the air flown
through the air supply conduit 39 are led into the reformer unit 140. In this embodiment, the end of the air supply conduit
39 connecting with the reformer unit 140 is formed in the second fuel supply conduit 64. The end of the air supply conduit
39 formed in the second fuel supply conduit 64 is bent in a space on the upstream side of the reaction unit 141 in the
reformer unit 140 and is open as an air outlet 142. The air outlet 142 open to the end on the upstream side of the reaction
unit 141. In this embodiment, the position of the opening is approximately intermediate between the center and the
circumference of the cross section at the end of the reaction unit 141. The air flown through the air supply conduit 39 is
sprayed from the air outlet 142 and is supplied to approximately half the cells around those located just opposite to the
air outlet 142, among all the cells constituting the | honeycomb structure of the reaction unit 141.

[0152] In the reformer unit 140 of this embodiment, both the steam reforming reaction and the oxidation reaction
proceed in the cells that receive the supply of the air from the air outlet, whereas only the steam reforming reaction
proceeds in the cells that do not receive the air supply. The reformer unit 140 is rotated as described above, and the
position of the air outlet 142 is fixed irrespective of the rotation of the reformer unit 140. The cells that receive the supply
of the air are accordingly changed with time.

[0153] In the reformer unit 140 of the seventh embodiment thus constructed, the cells that receive the air supply for
the progress of the oxidation reaction are changed with time. There is accordingly no excessive temperature rise in
specific cells on the upstream side. In the cells with the air supply where the oxidation reaction proceeds to raise the
temperature on the upstream side, the air supply is immediately stopped to inactivate the oxidation reaction. The heat
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produced by the oxidation reaction is consumed by the steam reforming reaction, and there is no further temperature
rise. In the cells with no air supply where the heat is consumed by the steam reforming reaction, on the other hand, the
air supply is immediately started to activate the oxidation reaction, which produces heat and prevents a significant
temperature drop.

[0154] Like the embodiments discussed previously, the ratio of the methanol supply to the air supply to the reformer
unit 140 is fixed to make the amount of heat required for the steam reforming reaction balance the amount of heat
generated by the oxidation reaction proceeding in the reformer unit. In the reformer unit 140 of this embodiment, almost
half the cells among all the cells constituting the honeycomb structure receive the air supply. Namely each cell, to which
the air is currently supplied, receives oxygen in excess over the quantity of methanol. The amount of heat generated by
the oxidation reaction is accordingly greater than the amount of heat required for steam reforming the methanol supply.
As described above, the air supply is immediately stopped to such cells. This arrangement effectively prevents an
excessive temperature rise on the upstream side that receives the air supply. The air and the crude fuel gas are supplied
in the excess of oxygen. Compared with the standard supply with no excess of oxygen, the area of the vigorous oxidation
reaction is extended to the lower stream portion. Unlike the prior art reformer unit, there is accordingly no significant
temperature drop in the lower stream side. In the reformer unit 140, the whole reaction unit is kept in the desirable
temperature range and is in the highly active state of the steam reforming reaction. This enhances the rate of the steam
reforming reaction.

[0155] Fig. 23 is a graph showing the internal temperature distribution from the upper stream side to the lower stream
side with regard to the reformer unit 140 described above and a prior art reformer unit that receives a fixed rate of oxygen
supply. The measurement of the temperature distribution was carried out while the gas was supplied to the reformer
unit 140 under the conditions that LHSV (volume of methanol processed per hour / volume of the catalyst) =3 and the
gas contained the air attaining the ratio of oxygen/methanol = 11% and water attaining the ratio of water/methanol =2.
Unlike the prior art reformer unit, there is no excessive temperature rise on the upstream side of the reformer unit 140.
The internal temperature of the reformer unit is thus favorably kept in the temperature range of 250 to 300°C. This
advantageously prevents the potential troubles due to the temperature rise, for example, deterioration of the catalyst
and formation of by-products. Like the embodiments discussed above, this arrangement significantly improves the
durability of the reformer unit. The gaseous fuel produced by the reformer unit 140 under the above conditions contained
H, =50%, CO, =23%, H,0 =17.5%, N, =9%, and CO = 0.5% and was favorably used for the fuel cells.

[0156] In the seventh embodiment described above, the reformer unit 140 is rotated, while the air outlet 142 to spray
the air flow is fixed. One modified structure rotates the air outlet and fixes the reformer unit. The reformer unit of such
structure is described below as a modified example of the seventh embodiment. Fig. 24 schematically illustrates the
structure of a reformer unit 140A in the modified example of the seventh embodiment. The reformer unit 140A has a
substantially similar structure to that of the reformer unit 140. In the following description, the corresponding constituents
are expressed by the like numerals with a suffix A. The reformer unit 140A of this modified example is not rotatable. A
specific rotary mechanism 144 is disposed at the bent in the end portion of the air supply conduit 39 leading to an air
outlet 142A. The rotary mechanism 144 rotates the end of the air supply conduit 39 with the air outlet 142A to change
the flow site at the upper stream end of a reaction unit 141A , which receives the air supply from the air outlet 142A,
with time.

[0157] The reformer unit 140A of this configuration exerts the similar effects to those of the reformer unit 140 of the
seventh embodiment. The rotary mechanism 144 disposed in the vicinity of the end of the air supply conduit 39 supports
an end member 143 with the air outlet 142A to be freely rotatable relative to the base of the air supply conduit 39. The
end member 143 may be rotated by the reaction force of the air spray from the air outlet 142A or by any external powers.
[0158] In the embodiment and its modified example, either of the air outlet and the reformer unit is rotated. Another
modified structure provides a plurality of air outlets on the upstream side of the reformer unit and changes over the
working air outlet, from which the air is actually sprayed, with time. Any structure may be applicable as long as it changes
the flow site in the reaction unit, which receives the air supply, with time. The reformer units 140 and 140A have the
reaction unit of the honeycomb structure. In a modified structure, the reaction unit may be filled with pellets with the
catalyst carried thereon. This modified structure also exerts the similar effects by changing the flow site in the reaction
unit, which receives the air supply, with time.

[0159] The reformer units of the sixth and the seventh embodiments discussed above have another effect of making
the oxidation reaction vigorously proceed at the initial stage and thus heating the reformer unit quickly to the stationary
level. At the initial stage, the temperature of the reformer unit is as low as room temperature, and it is required to quickly
heat the reformer unit to the stationary level. One possible technique supplies large quantities of methanol and oxygen
to make the oxidation reaction vigorously proceed and thereby internally heat the reformer unit. In the prior art reformer
unit, however, the vigorous oxidation reaction with a large quantity of air supply may cause an excessive temperature
rise in a specific area on the upper stream side while the average temperature of the reformer unit is still low. In the
reformer units of the sixth and the seventh embodiments, the area of the vigorous oxidation reaction (that s, the catalytic
site receiving the high concentration of oxygen) is changed with time. The vigorous oxidation reaction with the large
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quantity of air supply accordingly does not cause an excessive temperature rise in any specific site, but quickly heats
the whole reformer unit to the stationary level.

[0160] The following describes a reformer unit of an eighth embodiment including a plurality of reaction units, where
the direction of the gas flow in part of the reaction units is reverse to the direction of the gas flow in the residual reaction
units, so as to allow heat exchange between the upper stream side of one reaction unit that receives the supplies of the
crude fuel gas and the air and the lower stream side of an adjoining reaction unit that outputs the gaseous fuel. Fig. 25
is a sectional view schematically illustrating the structure of a reformer unit 150 in the eighth embodiment. The reformer
unit 150 of the eighth embodiment is included in a fuel cells system having a similar structure to that of the fuel cells
system 20 shown in Fig. 1. The reformer unit 150 is formed in a substantially cylindrical shape and has a dual tubular
structure including a reaction unit 152 formed along the inner wall thereof and a reaction unit 151 located inside the
reaction unit 152. The reaction unit 151 receives the supplies of the crude fuel gas and the air at one end thereof (the
left end in Fig. 25) and outputs the gaseous fuel at the other end (the right end in Fig. 25). The reaction unit 152 also
receives the supplies of the crude fuel gas and the air at one end and outputs the gaseous fuel at the other end, but the
respective ends are just opposite to those of the reaction unit 151. Namely the direction of the gas flow in the reaction
unit 151 is reverse to the direction of the gas flow in the reaction unit 152. Each of the reaction units 151 and 152 may
be composed of the honeycomb structure with the Cu-Zn catalyst carried on the surface thereof or may be filled with
the pellets of the Cu-Zn catalyst.

[0161] Inthe reformer unit 150 of the eighth embodiment thus constructed, the upper stream side of the inner reaction
unit 151 is adjacent to the lower stream side of the outer reaction unit 152, and the lower stream side of the inner reaction
unit 151 is adjacent to the upper stream side of the outer reaction unit 152. This arrangement enables heat exchange
between the upper stream side of one reaction unit and the lower stream side of the other reaction unit. Heat generated
by the oxidation reaction on the upper stream side of one reaction unit is transmitted to the lower stream portion of the
other reaction unit adjoining thereto (see the dotted arrows in Fig. 25). This arrangement effectively prevents an excessive
temperature rise on the upper stream side that receives the supplies of the crude fuel gas and the air.

[0162] The lower stream portion of each reaction unit included in the reformer unit 150 receives the heat transmitted
from the upper stream side of the adjoining reaction unit. Unlike the prior art reformer unit, there is accordingly no
significant temperature drop on the lower stream side. Each reaction unit in the reformer unit 150 is thus kept in the
highly active state of the steam reforming reaction. This enhances the rate of the steam reforming reaction.

[0163] Fig. 26 is a graph showing the internal temperature distributions from one end to the other end with regard to
the respective reaction units of the reformer unit 150 described above and a prior art reformer unit that has a fixed
direction of the internal gas flow in reaction units. Unlike the prior art reformer unit, in the reformer unit 150, there is no
excessive temperature rise in a specific area on the upper stream side with the heat produced by the oxidation reaction.
There is also no significant temperature drop in a specific area on the lower stream side. The internal temperature of
the reformer unit is thus favorably kept in the temperature range of 250 to 300°C. As described above, in the reformer
unit 150 of this embodiment, there is no abrupt temperature rise in the vicinity of the inlet. This advantageously prevents
the potential troubles due to the temperature rise, for example, deterioration of the catalyst and formation of by-products.
Like the embodiments discussed above, this arrangement significantly improves the durability of the reformer unit.
[0164] The reformer unit 150 of the eighth embodiment discussed above has the dual tubular structure including the
inner reaction unit 151 and the outer reaction unit 152, where the direction of the gas flow in one reaction unit is reverse
to the direction of the gas flow in the other reaction unit. In the generalized structure, the reformer unit includes a plurality
of reaction units, where the direction of the gas flow in part of the reaction units is reverse to the direction of the gas flow
in the residual reaction units. This arrangement allows heat exchange between the upper stream portion generating a
large amount of heat and the lower stream portion consuming a large amount of heat. This accordingly ensures the
same effects as discussed in the eight embodiment. For example, the reformer unit may be formed in a stack structure
where a plurality of thin reaction units are laid one upon another, instead of the dual tubular structure. The direction of
the gas flow is alternately inverted in the stack of the respective reaction units. In this structure, heat exchange is carried
out between the upper stream side of each reaction unit and the lower stream side of an adjoining reaction unit, so as
to homogenize the internal temperature.

[0165] The following describes a ninth embodiment that has a turning area provided in the middle of a flow path defined
in a reaction unit, where the upper stream portion and the lower stream portion are adjacent to each other in the reaction
unit to allow heat exchange therebetween. Fig. 27 is a sectional view schematically illustrating the structure of a reformer
unit 160 in the ninth embodiment. The reformer unit 160 of the ninth embodiment is included in a fuel cells system having
a similar structure to that of the fuel cells system 20 shown in Fig. 1. Like the reformer unit 150 of the eighth embodiment,
the reformer unit 160 is formed in a substantially cylindrical shape and has a dual tubular structure including an inner
section 161 and an outer section 162. The inner section 161 and the outer section 162 are continuous with each other
and form a single reaction unit 163.

[0166] The second fuel supply conduit 64 connects with one end of the inner section 161. The supplies of the crude
fuel gas and the air flown through the second fuel supply conduit 64 move from one end to the other end in the inner
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section 161. The other end of the inner section 161 connects with the outer section 162. The gas passing through the
inside of the inner section 161 is led from the other end thereof to the outer section 162 (see the solid arrows in Fig. 27).
The gas introduced into the outer section 162 passes through the inside of the outer section 162 and is connected to
the third fuel supply conduit 65 at an end corresponding to the one end of the inner section 161. The resulting gaseous
fuel produced from the gas passing through the reaction unit 163 is discharged to the third fuel supply conduit 65. The
inner section 161 and the outer section 162 of the reaction unit 163 may be composed of the honeycomb structure with
the Cu-Zn catalyst carried thereon or may be filled with the pellets of the Cu-Zn catalyst.

[0167] Inthe reformer unit 160 of the ninth embodiment thus constructed, the inner section 161 is adjacent to the outer
section 162. This arrangement allows heat exchange between the inner section 161 and the outer section 162. The
inner section 161 corresponds to the upper stream portion in the reaction unit 163, where the oxidation reaction vigorously
proceeds to generate a large amount of heat. The outer section 162 corresponds to the lower stream portion in the
reaction unit 163, where only the steam reforming reaction mainly proceeds to require heat. In the reformer unit 160,
heat is transmitted from the inner section 161 generating a large amount of heat to the outer section 162 requiring heat
(see the dotted arrows in Fig. 27). There is accordingly no excessive temperature rise in the inner section 161 corre-
sponding to the upper stream side.

[0168] In the reformer unit 160, the outer section 162 corresponding to the lower stream side receives the heat
transmitted from the adjoining inner section 161. Unlike the prior art reformer unit, there is accordingly no significant
temperature drop on the lower stream side. The whole reaction unit in the reformer unit 160 is thus kept in the highly
active state of the steam reforming reaction. This enhances the rate of the steam reforming reaction.

[0169] Fig. 28 is a graph showing the internal temperature distributions from one end connecting with the second fuel
supply conduit 64 to the other end with regard to the reformer unit 160 described above and a prior art reformer unit that
has a fixed direction of the internal gas flow in a reaction unit. Unlike the prior art reformer unit, in the reformer unit 160,
there is no excessive temperature rise on the upper stream side with the heat produced by the oxidation reaction. There
is also no significant temperature drop on the lower stream side. The internal temperature of the reformer unit is thus
favorably kept in the temperature range of 250 to 300°C. As described above, in the reformer unit 160 of this embodiment,
there is no abrupt temperature rise in the vicinity of the inlet. This advantageously prevents the potential troubles due
to the temperature rise, for example, deterioration of the catalyst and formation of by-products. Like the embodiments
discussed above, this arrangement significantly improves the durability of the reformer unit.

[0170] The reformer unit 160 of the ninth embodiment discussed above has the dual tubular structure including the
inner section 161 and the outer section 162, where the direction of the gas flow in the inner section 161 is reverse to
the direction of the gas flow in the outer section 162. The reformer unit of this arrangement is, however, not restricted
to the dual tubular structure. In the generalized structure, a turning area is provided in the middle of a flow path which
the crude fuel gas and the air pass through, and the upper stream side and the lower stream side are arranged to be
adjacent to each other to allow heat exchange therebetween. This arrangement exerts the same effects as those dis-
cussed in the ninth embodiment. For example, the reformer unit may have a folded flow path, where the direction of the
gas flow on the upper stream side is reverse to the direction of the gas flow on the lower stream side, instead of the dual
tubular structure. Fig. 29 shows a reformer unit 160A of such structure. This structure also enables heat to be transmitted
from the upper stream side to the adjoining lower stream side (see the arrows in Fig. 29), thus homogenizing the internal
temperature.

[0171] The structure of heating the lower stream portion of the reformer unit with hot combustion exhaust discharged
from the evaporator 32 is described below as a tenth embodiment. Fig. 30 is a sectional view schematically illustrating
the structure of a reformer unit 170 in the tenth embodiment. The reformer unit 170 of the tenth embodiment is included
in a fuel cells system having a similar structure to that of the fuel cells system 20 shown in Fig. 1. The reformer unit 170
includes two reaction units 171 and 172 of the honeycomb structures with the Cu-Zn catalyst carried on the surface
thereof. The division of the reformer unit 170 into two reaction units enables the gas separated by each cell of the
honeycomb structure in the reaction unit 171 on the upper stream side to be mixed again in the course of the flow path,
and thus homogenizes the conditions of the gas passing through the inside of the reaction unit 170. The reformer unit
170 connects with the second fuel supply conduit 64 that receives the air supply from the air supply conduit 39, and
receives the supply of the crude fuel gas mixed with the air. The supply of the crude fuel gas that contains the air and
is led from the second fuel supply conduit 64 passes through the reaction units 171 and 172 in this sequence. The
resulting hydrogen rich gaseous fuel is then discharged to the third fuel supply conduit 65.

[0172] The reaction units 171 and 172 are respectively provided with temperature sensors 173 and 174. These tem-
perature sensors 173 and 174 are connected to the control unit 50. Pieces of information regarding the internal temper-
atures of the reaction units 171 and 172 are sent to the control unit 50. As discussed later, the results of the measurement
with the temperature sensor 173 are used to prevent an excessive temperature rise inside the reaction unit 171, whereas
the results of the measurement with the temperature sensor 174 are used to prevent an excessive temperature drop
inside the reaction unit 172. It is accordingly desirable that the temperature sensor 173 is located on the upper stream
side of the reaction unit 171 and the temperature sensor 174 is located on the lower stream side of the reaction unit 172.
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[0173] Acombustionexhaustinlet 175, into which combustion exhaust discharged from the evaporator 32 is introduced,
is disposed at a specific position on the circumferential part of the reformer unit 170, which corresponds to the reaction
unit 172. As described previously, the evaporator 32 receives a supply of combustion exhaust from the burner 26 via
the compressor unit 28 and heats and vaporizes methanol and water with the amount of heat in the combustion exhaust.
The combustion exhaust discharged from the compressor unit 28 after consuming the internal heat in the evaporator
32 to heat and vaporize methanol and water still has a certain amount of heat. In the reformer unit 170 of this embodiment,
this combustion exhaust is led into the combustion exhaust inlet 175 and used to heat the reaction unit 172 on the lower
stream side.

[0174] The fuel cells system including the reformer unit 170 of this embodiment has a combustion exhaust flow conduit
176 that leads the combustion exhaust discharged from the evaporator 32 to the combustion exhaust inlet 175. A mass
flow controller 177 is disposed in the combustion exhaust flow conduit 176 to regulate the flow rate of the combustion
exhaust led into the combustion exhaust inlet 175. The mass flow controller 177 is connected to the control unit 50. The
control unit 50 regulates the flow rate of the combustion exhaust led into the combustion exhaust inlet 175. The temper-
ature of the combustion exhaust led from the evaporator 32 to the combustion exhaust inlet 175 is approximately 300°C.
The internal temperature of the reaction unit 172 is adjusted by controlling the driving state of the mass flow controller
177 and regulating the flow rate of the combustion exhaust supplied to the combustion exhaust inlet 175. The combustion
exhaust led into the combustion exhaust inlet 175 is used to heat the reaction unit 172 and then discharged from the
fuel cells system.

[0175] In the reaction unit 171 on the upper stream side of the reformer unit 170 of this embodiment, the amount of
heat produced by the oxidation reaction compensates the amount of heat required for the steam reforming reaction
proceeding in the reaction unit 171. In the reaction unit 172 on the lower stream side, on the other hand, the heat required
for the steam reforming reaction proceeding in the reaction unit 172 is supplied by both the heat produced by the oxidation
reaction proceeding on the upper stream side and the heat included in the combustion exhaust led into the combustion
exhaust inlet 175. In the fuel cells system including the reformer unit 170 of this embodiment, the control unit 50 controls
the driving amount of the blower 38, which takes in the air to be supplied to the reformer unit 170, based on the results
of the measurement with the temperature sensor 173 and regulates the flow rate of the air supplied to the reformer unit
170 to make the internal temperature of the reaction unit 171 not higher than 300°C. In the fuel cells system of this
embodiment, the control unit 50 also controls the driving amount of the mass flow controller 177 based on the results
of the measurement with the temperature sensor 174 and regulates the flow rate of the combustion exhaust introduced
into the combustion exhaust inlet 175 to make the internal temperature of the reaction unit 172 not lower than 250°C.
[0176] In the reformer unit 170 of the tenth embodiment thus constructed, the reaction unit 172 on the lower stream
side is heated with the combustion exhaust. It is accordingly not necessary that the amount of heat produced by the
oxidation reaction compensates all the amount of heat required for the steam reforming reaction proceeding in the
reformer unit 170. Namely this arrangement decreases the flow rate of the air supplied to the reformer unit 170 and
subjected to the oxidation reaction, thus suppressing the progress of the oxidation reaction proceeding on the upper
stream side. The flow rate of the air supplied to the reformer unit 170 is regulated, based on the observed internal
temperature of the reaction unit 171. This arrangement effectively prevents an excessive temperature rise in the reaction
unit 171 where the oxidation reaction vigorously proceeds.

[0177] Inthe reformer unit 170, the internal heat of the combustion exhaust led into the combustion exhaust inlet 175
is transmitted to the reaction unit 172 on the lower stream side. Unlike the prior art reformer unit, there is accordingly
no significant temperature drop on the lower stream side. The whole reaction unit in the reformer unit 170 is thus kept
in the highly active state of the steam reforming reaction. This enhances the rate of the steam reforming reaction. The
heat of the combustion exhaust, which is wasted in the prior art structure, is utilized to heat the reaction unit 172. This
arrangement accordingly does not lower the energy efficiency for heating the reaction unit 172.

[0178] Fig. 31 is a graph showing the internal temperature distributions from the upper stream side that receives the
supply of the crude fuel gas containing the air to the lower stream side with regard to the reformer unit 170 described
above and a prior art reformer unit where the amount of heat produced by the oxidation reaction compensates all the
amount of heat required for the steam reforming reaction. Unlike the prior art reformer unit, in the reformer unit 170,
there is no excessive temperature rise on the upper stream side with the heat produced by the oxidation reaction. There
is also no significant temperature drop on the lower stream side. The internal temperature of the reformer unit is thus
favorably kept in the temperature range of 250 to 300°C. As described above, in the reformer unit 170 of this embodiment,
there is no abrupt temperature rise in the vicinity of the inlet. This advantageously prevents the potential troubles due
to the temperature rise, for example, deterioration of the catalyst and formation of by-products. Like the embodiments
discussed above, this arrangement significantly improves the durability of the reformer unit.

[0179] The reformer unit 170 of the tenth embodiment discussed above includes the two reaction units 171 and 172
composed of the honeycomb structures. The reformer unit may be filled with pellets with the catalyst carried thereon,
instead of the honeycomb structure. In this case, the reformer unit may not be divided into two sections but may uniformly
be filled with the pellets.
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[0180] Any hot gas other than the combustion exhaust discharged from the evaporator 32 may alternatively be used
to heat the lower stream portion. For example, in the fuel cells system including the reformer unit 170 of this embodiment,
in the case where the heat source that supplies heat required for the evaporator 32 is different from the driving source
of the compressor unit 28 that supplies the compressed air to the cathodes of the fuel cells 40, the hot gas used to heat
the lower stream portion may be the gaseous exhaust discharged from either one of the heat source and the driving
source. The gas discharged from another high-temperature constituent of the fuel cells system may be used instead,
as long as the gas has energy usable to keep the internal temperature of the reformer unit in the temperature range of
250 to 300°C. Instead of using the hot gaseous exhaust discharged from the high-temperature constituent, another
available structure circulates a specific fluid between the high-temperature constituent and the reformer unit and supplies
the thermal energy of the high-temperature constituent to the reformer unit by means of the circulated fluid.

[0181] The structure of supplying part of the crude fuel in the liquid form to the upper stream side of the reaction unit
is described below as an eleventh embodiment according to the invention. Fig. 32 schematically illustrates the structure
of a reformer unit 180 in the eleventh embodiment. The reformer unit 180 of the eleventh embodiment is included in a
fuel cells system having a similar structure to that of the fuel cells system 20 shown in Fig. 1. The reformer unit 180 has
a single reaction unit 181 of a honeycomb structure with the Cu-Zn catalyst carried on the surface thereof. The reformer
unit 180 connects with the second fuel supply conduit 64 to receive the supply of the crude fuel gas, and additionally
receives the supply of a mixed solution of methanol and water (hereinafter referred to as the liquid crude fuel). The liquid
crude fuel is led into the evaporator 32 via the first fuel supply conduit 63 as described previously. The first fuel supply
conduit 63 branches off to a crude fuel branch path 182 to supply the liquid crude fuel to the reformer unit 180. In the
structure of this embodiment, the air supply conduit 39 does not join the second fuel supply conduit 64 but meets the
crude fuel branch path 182 to form a crude fuel conduit 183. The crude fuel conduit 183 is connected to the upper stream
end of the reformer unit 180 to supply the liquid crude fuel mixed with the air to the reformer unit 180.

[0182] Mass flow controllers 184 and 185 are respectively disposed in the air supply conduit 39 and the crude fuel
branch path 182 to regulate the flow rate of the air and the quantity of the liquid crude fuel supplied to the reformer unit
180. These mass flow controllers 184 and 185 are connected to the controller 50, which control the driving amounts
thereof. An injection nozzle 187 formed as an end structure of the crude fuel conduit 183 is located in the vicinity of the
upper stream end of the reaction unit 181 in the reformer unit 180. The liquid crude fuel mixed with the air is sprayed
from this injection nozzle 187 toward the end of the reaction unit 181 by utilizing the air pressure and is fed over a wide
area in the cross section at the end of the reaction unit 181. The injection nozzle 187 may not be formed as a nozzle
but may have any shape that allows the liquid to be sprayed over a wide area. In the reformer unit 180, a temperature
sensor 186 is disposed in the vicinity of the upper stream end of the reaction unit 181. The temperature sensor 186 is
connected to the control unit 50. Information regarding the temperature on the upper stream side of the reaction unit
181 is input into the control unit 50.

[0183] As described above, when the supplies of the crude fuel gas and the air are fed into the reformer unit, the
oxidation reaction vigorously proceeds to raise the temperature on the upper stream side where the concentration of
oxygen is high. In the structure of this embodiment, on the other hand, the liquid crude fuel is sprayed toward the upper
stream end of the reaction unit 181, so as to regulate the temperature on the upper stream side. The liquid crude fuel
sprayed to the reaction unit 181, which has been heated to high temperatures, removes heat from the reaction unit 181
and is heated and vaporized. The temperature on the upper stream side of the reaction unit 181 is accordingly controlled
not to higher than a preset level by regulating the supply of the liquid crude fuel.

[0184] In the process of producing the hydrogen rich gaseous fuel in the reformer unit 180 of this arrangement, the
supply of the liquid crude fuel to the reformer unit 180 and its quantity are controlled, based on the internal temperature
of the reaction unit 181 measured by the temperature sensor 186. The total quantity of methanol supplied to the reformer
unit 180 depends upon the magnitude of the loading connected to the fuel cells 40, that is, the quantity of the gaseous
fuel to be supplied to the fuel cells 40. The quantity of methanol flown through the first fuel supply conduit 63 and supplied
to the reformer unit 180 in the liquid form is regulated, based on the results of the measurement with the temperature
sensor 186. In accordance with a concrete procedure, when the temperature of the reaction unit 181 exceeds a preset
level (300°C in this embodiment), the liquid crude fuel is sprayed from the injection nozzle 187. The quantity of the liquid
crude fuel sprayed from the injection nozzle 187 is regulated to make the temperature of the reaction unit 181 not higher
than the preset level. While the temperature of the reaction unit 181 is not higher than the preset level, only the air is
sprayed from the injection nozzle 187.

[0185] In the reformer unit 180 of the eleventh embodiment thus constructed, the liquid is sprayed and vaporized
inside the reformer unit 180, so as to cool down the upper stream side of the reaction unit 181. This arrangement
effectively prevents an excessive temperature rise on the upper stream side of the reaction unit 181 with the heat
produced by the oxidation reaction. The liquid sprayed in the reformer unit 180 to cool down the upper stream portion
of the reaction unit 181 is the liquid crude fuel that undergoes the steam reforming reaction and the oxidation reaction
proceeding in the reformer unit 180. The injection of the liquid accordingly does not affect the reactions proceeding in
the reformer unit 180.
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[0186] Fig. 33 is a graph showing the internal temperature distributions from the upper stream side that receives the
supply of the crude fuel gas containing the air to the lower stream side with regard to the reformer unit 180 described
above and a prior art reformer unit where all the quantity of methanol required to produce a desired quantity of the
gaseous fuel is supplied via the evaporator 32. Unlike the prior art reformer unit, in the reformer unit 180, there is no
excessive temperature rise on the upper stream side with the heat produced by the oxidation reaction. The internal
temperature of the reformer unit is thus favorably kept in the temperature range of 250 to 300°C. As described above,
in the reformer unit 180 of this embodiment, there is no abrupt temperature rise in the vicinity of the inlet. This advan-
tageously prevents the potential troubles due to the temperature rise, for example, deterioration of the catalyst and
formation of by-products. Like the embodiments discussed above, this arrangement significantly improves the durability
of the reformer unit.

[0187] While the temperature on the upstream side of the reformer unit 180 rises excessively and an increasing quantity
of the liquid crude fuel is sprayed from the injection nozzle 187, a decrease in required electric power for the loading
connected to the fuel cells 40 may cause methanol supplied to the reformer unit 180 to be in excess and produce the
gaseous fuel over the required quantity. In the fuel cells system including the reformer unit 180 of this embodiment, the
gaseous fuel exhaust discharged from the fuel cells 40 is used as the fuel for combustion in the burner 26. This accordingly
does not lower the total energy efficiency in the system even in such cases.

[0188] In the reformer unit 180 of this embodiment, the mixed solution of methanol and water is sprayed from the
injection nozzle 187 to cool down the upper stream portion of the reaction unit 181. Only either methanol or water may
be sprayed instead. In this case, there is a branch path from either the methanol flow conduit 60 or the water flow conduit
62, instead of the first fuel supply conduit 63. Methanol or water is flown through this branch path and sprayed from a
nozzle like the injection nozzle 187. This arrangement also enables the sprayed liquid to remove heat for vaporization
on the upper stream side of the reaction unit 181 and thus exerts the similar effects to those of the reformer unit 180 of
the eleventh embodiment discussed above.

[0189] The following describes a twelfth embodiment, where a reaction unit in which both the steam reforming reaction
and the oxidation reaction proceed is arranged to be adjacent to a reaction unit in which only the steam reforming reaction
proceeds to allow heat exchange therebetween and thereby prevent an excessive temperature rise with the heat produced
by the oxidation reaction. Fig. 34 schematically illustrates the structure of a reformer unit 190 in the twelfth embodiment.
The reformer unit 190 of the twelfth embodiment is included in a fuel cells system having a similar structure to that of
the fuel cells system 20 shown in Fig. 1. The reformer unit 190 is formed in a substantially cylindrical shape and has
three reaction units 191, 192, and 193 composed of the honeycomb structures. The reaction unit 193 is formed along
the inner wall of the reformer unit 190, and the reaction units 191 and 192 are formed inside the reaction unit 193. The
reaction unit 191 is located on the upper stream side and the reaction unit 192 is located on the lower stream side. There
is a certain space 200 formed therebetween.

[0190] In the reformer unit 190, all the reaction units 191, 192, and 193 have the Cu-Zn catalyst carried on the surface
thereof. The reaction unit 193 connects with the second fuel supply conduit 64 to receive the supply of the crude fuel
gas, while not receiving the air supply. Only the steam reforming reaction accordingly proceeds in the reaction unit 193.
The second fuel supply conduit 64 connects with the reaction unit 191 as well as the reaction unit 193. The crude fuel
gas supplied to the reaction unit 191 passes through the inside of the reaction unit 191 and the reaction unit 192 in this
sequence. The air supply conduit 39 branches off to air branch paths 194 and 195, which are respectively connected
with the upper stream portions of the reaction unit 191 and the reaction unit 192. The air is flown through these air branch
paths 194 and 195 and is fed to the respective reaction units. Both the steam reforming reaction and the oxidation
reaction accordingly proceed in the reaction unit 191 and the reaction unit 192. Both the hydrogen rich gas produced
through the steam reforming reaction and the oxidation reaction in the reaction units 191 and 192 and the hydrogen rich
gas produced through the steam reforming reaction in the reaction unit 193 are output to the third fuel supply conduit
65 and led to the CO reduction unit 36.

[0191] Mass flow controllers 196 and 197 are respectively disposed in the air branch paths 194 and 195 branching
off from the air supply conduit 39 to regulate the flow rates of the air supplied to the reaction units 191 and 192. These
mass flow controllers 196 and 197 are connected to the control unit 50, which regulates the flow rates of the air supplied
to the respective reaction units. Temperature sensors 198 and 199 are provided in the respective upper stream portions
of the reaction units 191 and 192 to measure the internal temperatures of the respective reaction units. These temperature
sensors 198 and 199 are connected to the control unit 50. The observed internal temperatures of the respective reaction
units are input into the control unit 50. The control unit 50 regulates the flow rates of the air supplied to the respective
reaction units, based on the results of the measurements input from the respective temperature sensors.

[0192] In the reaction units 191 and 192 of the reformer unit 190 of this embodiment, the amount of heat produced by
the oxidation reaction proceeding therein compensates the amount of heat required for the steam reforming reaction
also proceeding therein. In the circumferential reaction unit 193, on the other hand, the heat required for the steam
reforming reaction proceeding therein is supplied by the heat produced by the oxidation reaction proceeding in the
adjoining inner reaction units 191 and 192 (see the dotted arrows in Fig. 34). In the fuel cells system including the
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reformer unit 190 of this embodiment, the control unit 50 controls the driving amounts of the mass flow controller 196
and 197, which regulate the flow rates of the air supplied to the reaction units 191 and 192, based on the results of the
measurements with the temperature sensors 198 and 199, and thereby regulates the flow rates of the air to keep the
internal temperatures of the reaction units 191 and 192 not higher than 300°C.

[0193] Inthe reformer unit 190 of the twelfth embodiment thus constructed, the heat produced by the oxidation reaction
proceeding in the reaction units 191 and 192 is also consumed in the adjoining reaction unit 193 where only the endo-
thermic reaction proceeds. This arrangement effectively prevents an excessive temperature rise in the upper stream
portions of the reaction units 191 and 192 where the oxidation reaction vigorously proceeds. The flow rates of the air
supplied to the reaction units 191 and 192 are regulated, based on the internal temperatures of the respective reaction
units. The internal temperature of each reaction unit is thus kept to be not higher than the preset level.

[0194] In the reformer unit 190 of this embodiment, the air flow is separately supplied to the reaction units 191 and
192. This arrangement enables the exothermic oxidation reaction to proceed in the reaction unit 192, which is located
on the downstream side of the reaction unit 191. Unlike the prior art reformer unit, there is accordingly no significant
temperature drop on the lower stream side. The whole reaction unit in the reformer unit 190 is thus kept in the highly
active state of the steam reforming reaction. This enhances the rate of the steam reforming reaction.

[0195] Fig. 35 is a graph showing the internal temperature distributions from the upper stream side that receives the
supply of the crude fuel gas to the lower stream side with regard to the reformer unit 190 described above and a prior
art reformer unit including only one reaction unit where both the steam reforming reaction and the oxidation reaction
proceed. Unlike the prior art reformer unit, in the reformer unit 190, there is no excessive temperature rise on the upper
stream side with the heat produced by the oxidation reaction. There is also no significant temperature drop on the lower
stream side. The internal temperature of the reformer unit is thus favorably kept in the temperature range of 250 to
300°C. As described above, in the reformer unit 190 of this embodiment, there is no abrupt temperature rise in the vicinity
of the inlet. This advantageously prevents the potential troubles due to the temperature rise, for example, deterioration
of the catalyst and formation of by-products. Like the embodiments discussed above, this arrangement significantly
improves the durability of the reformer unit.

[0196] In the reformer unit 190 of the twelfth embodiment discussed above, the air flow is separately supplied to the
inner reaction units 191 and 192 where both the steam reforming reaction and the oxidation reaction proceed. This
effectively prevents a significant temperature drop on the lower stream side. The modified arrangement of supplying the
air flow only to the upper stream side still has some effects of preventing an excessive temperature rise on the upper
stream side.

[0197] The reformer unit 190 of the twelfth embodiment has the dual tubular structure including the inner reaction
units where both the steam reforming reaction and the oxidation reaction proceed and the circumferential reaction unit
where only the steam reforming reaction proceeds. The following describes a stack structure where these two different
reaction units are alternately laid one upon another as one modified example of the twelfth embodiment. Fig. 36 sche-
matically illustrates the structure of a reformer unit 190A in the modified example of the twelfth embodiment. Like the
reformer unit 190, the reformer unit 190A is included in a fuel cells system having a similar structure to that of the fuel
cells system 20 shown in Fig. 1. In the following description, the constituents identical with those of the reformer unit
190 are expressed by the like numerals with a suffix A.

[0198] The reformer unit 190A includes a plurality of flat reaction units 191A and 193A, which are alternately laid one
upon another. These reaction units 191A and 193A are composed on the honeycomb structures with the Cu-Zn catalyst
carried on the surface thereof. The supply of the crude fuel gas flown through the second fuel supply conduit 64 is fed
to each reaction unit. The air supply conduit 39 branches off to connect with the respective upper stream portions of the
reaction units 191A and supply the air flow to the respective reaction units 191A. The flow rate of the air supplied to the
plurality of reaction units 191A is regulated by a mass flow controller 196A disposed in the air supply conduit 39. In the
same manner as discussed in the twelfth embodiment, the regulation is based on the results of the measurements with
temperature sensors (not shown) located in the upper stream portions of the respective reaction units 191A.

[0199] In the reformer unit 190A of the modified example of the twelfth embodiment thus constructed, like the reformer
unit 190 of the twelfth embodiment, the heat evolved through the oxidation reaction is consumed by the steam reforming
reaction proceeding in the adjoining reaction unit. This arrangement effectively prevents an excessive temperature rise
on the upstream side where the oxidation reaction vigorously proceeds. Like the reformer unit 190, this prevents the
potential troubles, for example, deterioration of the catalyst and formation of by-products, and significantly improves the
durability of the reformer unit.

[0200] The following describes a reformer unit 190B having a multi-tubular structure as a second modified example
of the twelfth embodiment. Fig. 37 is a sectional view schematically illustrating the structure of the reformer unit 190B
in the second modified example of the twelfth embodiment. Fig. 37(A) is a vertical sectional view of the reformer unit
190B, and Fig. 37(B) is a cross sectional view taken on the line B-B in Fig. 37(A). Like the reformer unit 190, the reformer
unit 190B is included in a fuel cells system having a similar structure to that of the fuel cells system 20 shown in Fig. 1.
In the following description, the constituents identical with those of the reformer unit 190 are expressed by the like
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numerals with a suffix B.

[0201] The reformer unit 190B is formed in a substantially cylindrical shape and includes reaction units 191B and a
reaction unit 193B. Each reaction unit 191B has a substantially cylindrical shape of a small diameter in bottom face.
Seven reaction units 191B are included in the reformer unit 190B. The residual space in the reformer unit 190B other
than that occupied by the reaction units 191B is occupied by the reaction unit 193B. The reaction units 191B and 193B
are composed of the honeycomb structures with the Cu-Zn catalyst carried on the surface thereof. The supply of the
crude fuel gas flown through the second fuel supply conduit 64 is fed to each reaction unit. The air supply conduit 39
branches off to connect with the respective upper stream portions of the reaction units 191B and supply the air flow to
the respective reaction units 191B. The flow rate of the air supplied to the plurality of reaction units 191B is regulated
by a mass flow controller 196B disposed in the air supply conduit 39. In the same manner as discussed in the twelfth
embodiment, the regulation is based on the results of the measurements with temperature sensors (not shown) located
in the upper stream portions of the respective reaction units 191B.

[0202] In the reformer unit 190B of the modified example of the twelfth embodiment thus constructed, like the reformer
unit 190 of the twelfth embodiment, the heat evolved through the oxidation reaction is consumed by the steam reforming
reaction proceeding in the adjoining reaction unit. This arrangement effectively prevents an excessive temperature rise
on the upstream side where the oxidation reaction vigorously proceeds. Like the reformer unit 190, this prevents the
potential troubles, for example, deterioration of the catalyst and formation of by-products, and significantly improves the
durability of the reformer unit.

[0203] In the reformer units 190, 190A, and 190B described above, the oxidation reactions proceeds only in the
selected reaction units. While a fixed amount of heat is required for the steam reforming reaction proceeding in the
reformer unit, the reduction in area of the vigorous oxidation reaction causes the quantity of the catalyst to be insufficient
relative to the quantity of the oxygen supply. This reduces the rate of the oxidation reaction proceeding in the area that
receives the supply of oxygen. This arrangement extends the area of the vigorous oxidation reaction to the lower stream
portion and effectively prevents a significant temperature drop in the lower stream portion of the reformer unit.

[0204] In the reformer units 190A and 190B of the modified examples of the twelfth embodiment discussed above,
like the reformer unit 190, the air flow may be supplied to not only the upper stream area but an intermediate area in the
reformer unit. This arrangement more effectively prevents a significant temperature drop in the lower stream portion of
the reformer unit. The reformer units 190, 190A, and 190B have the reaction units of the honeycomb structures. In a
modified structure, the reformer unit may be filled with pellets with the catalyst carried thereon. In this modified structure,
the arrangement of the reaction unit where both the steam reforming reaction and the oxidation reaction proceed adjacent
to the reaction unit where only the steam reforming reaction proceeds effectively prevents an excessive temperature
rise on the upper stream portion of the reaction unit.

[0205] In all the first through the twelfth embodiments discussed above, the respective reformer units use the Cu-Zn
catalyst. This single catalyst accelerates both the steam reforming reaction expressed by Equation (4) and the oxidation
reaction expressed by Equation (5). Any catalyst that accelerates both the steam reforming reaction and the oxidation
reaction (for example, Pd-Zn catalyst) may be used instead of the Cu-Zn catalyst. The presence of such a catalyst in
any of the reformer units of the embodiments ensures the similar effect of preventing an excessive temperature rise in
a partial area of the reformer unit.

[0206] In the above embodiments, the single catalyst is used to accelerate both the steam reforming reaction and the
oxidation reaction. In any of the above embodiments, however, different catalysts be used to respectively accelerate
the steam reforming reaction and the oxidation reaction. Another catalyst for accelerating the oxidation reaction may be
used in addition to the Cu-Zn catalyst. In the case of using a plurality of different catalysts, as long as these catalysts
are mixed well in the reformer unit to assure the progress of both the oxidation reaction expressed by Equation (5) and
the steam reforming reaction expressed by Equation (4) at a sufficient efficiency in a specific are receiving the supply
of oxygen, the application of such catalysts in the structures of the respective embodiments ensures the similar effect
of preventing an excessive temperature rise in a partial area of the reformer unit. Available examples for the another
catalyst to accelerate the oxidation reaction include metals, such as palladium, platinum, nickel, rhodium, chromium,
tungsten, rhenium, gold, silver, and iron, and alloys of such metals and other metals.

[0207] Inthe embodimentsdiscussed above, methanolis used as the crude fuel. Another hydrocarbon may alternatively
be used as the crude fuel that undergoes the steam reforming reaction and the oxidation reaction. In the case where
the crude fuel other than methanol is selected, the reformer unit includes the catalyst suitable for the selected crude fuel
in any of the structures of the above embodiments. This arrangement also ensures the similar effect of preventing an
excessive temperature rise in a partial area of the reformer unit.

[0208] The Cu-Zn catalystincluded in any of the reformer units of the first through the tenth embodiments, the eleventh
embodiment according to the invention, and the twelfth embodiments discussed above is a known catalyst for accelerating
the steam reforming reaction of methanol. As described previously, the Cu-Zn catalyst deteriorates at high temperatures
over 300°C. The Cu-Zn catalyst is accordingly not usable as the catalyst for accelerating the steam reforming reaction
when a hydrocarbon having a high reaction temperature of the steam reforming reaction is applied for the crude fuel.
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The Cu-Zn catalyst, however, favorably works as the catalyst of accelerating the steam reforming reaction when methanol
having a lower reaction temperature of the steam reforming reaction than the other hydrocarbons is applied for the crude
fuel. The technique of utilizing the Cu-Zn catalyst as the oxidation catalyst is generally not known to those skilled in the
art. The Cu-Zn catalyst is readily oxidized (copper is oxidized to deteriorate). In the presence of oxygen, the Cu-Zn
catalyst is immediately oxidized to lose its catalytic activity, and is thus not generally applicable for the oxidation catalyst.
In the case of using the Cu-Zn catalyst in the presence of methanol, however, methanol is oxidized prior to copper
because of the difference in free energy for oxidation. The Cu-Zn catalyst itself is accordingly not oxidized but effectively
functions to accelerate both the steam reforming reaction and the oxidation reaction.

[0209] The use of the single Cu-Zn catalyst accelerates both the steam reforming reaction and the oxidation reaction
and advantageously simplifies the structure of the reformer unit. The use of the Cu-Zn catalyst for accelerating the
oxidation reaction of methanol ensures the additional effect of lowering the concentration of carbon monoxide included
in the hydrogen rich gaseous fuel produced by the reformer unit. The following describes carbon monoxide produced
in the reformer unit. The Cu-Zn catalyst has the activity of slightly promoting the reaction of Equation (6) shown below
in the presence of carbon dioxide and hydrogen:

CO, + H2 - CO + H,0 (6)

[0210] When the Cu-Zn catalyst accelerates the steam reforming reaction of methanol alone or simultaneously with
the oxidation reaction of methanol, hydrogen and carbon dioxide are produced as discussed previously. With an increase
in quantities of hydrogen and carbon dioxide thus produced, the reaction of Equation (6) slightly proceeds to produce
carbon monoxide. The gaseous fuel produced by the reformer unit accordingly contains a certain amount of carbon
monoxide.

[0211] Using the Cu-Zn catalyst to reform methanol accompanies production of a certain amount of carbon monoxide.
As discussed in the above embodiments, in the case where the Cu-Zn catalyst is used to accelerate the oxidation reaction
of methanol simultaneously with the steam reforming reaction, substantially no carbon monoxide is produced through
this oxidation reaction. This effectively prevents an increase in concentration of carbon monoxide included in the gaseous
fuel. The oxidation reaction of methanol accelerated in the presence of the Cu-Zn catalyst is expressed by Equation (5)
given previously. This reaction mainly consists of the reactions expressed by Equations (7) and (8) given below. The
reaction of Equation (5) thus proceeds as a whole:

CH30H + (1/2)0, — HCHO + H,0 7)
HCHO + H,0 — CO, + 2H, 8)

[0212] As shown by Equations (7) and (8), the oxidation reaction of methanol accelerated in the presence of the Cu-
Zn catalyst is mainly via a reaction path that does not produce carbon monoxide. The oxidation reaction accelerated in
the presence of the conventionally known oxidation catalyst, for example, the platinum catalyst, on the other hand, mainly
consists of the reactions expressed by Equations (9) and (10) given below. The reaction of Equation (5) thus proceeds
as a whole. In this case, carbon monoxide is produced in the middle of the reaction. When the oxidation reaction of
methanol is accelerated by the conventionally known oxidation catalyst, for example, the platinum catalyst, part of carbon
monoxide thus produced remains in the resulting gaseous fuel produced in the reformer unit. This raises the concentration
of carbon monoxide included in the gaseous fuel.

CH30H— CO + 2H, (9)
CO + (1/2)0, — CO, (10)

[0213] When the Cu-Zn catalyst is used to accelerate both the steam reforming reaction and the oxidation reaction of
methanol as discussed in the above embodiments, the oxidation reaction is via the reaction path that does not produce
carbon monoxide. Compared with the prior art technique that uses a known oxidation catalyst, such as platinum, to
accelerate the oxidation reaction of methanol and the Cu-Zn catalyst to accelerate the steam reforming reaction, this
technique significantly lowers the concentration of carbon monoxide included in the resulting gaseous fuel. In the prior
art technique that utilizes both the Cu-Zn catalyst and a known oxidation catalyst like platinum to respectively accelerate
the steam reforming reaction of methanol and the oxidation reaction of methanol, carbon monoxide of not lower than
1.5 to 2% generally remains in the resulting gaseous fuel. In the technique that utilizes only the Cu-Zn catalyst to
accelerate both the steam reforming reaction and the oxidation reaction of methanol, on the other hand, the concentration
of carbon monoxide remaining in the resulting gaseous fuel is as low as 0.5%.

[0214] Carbon monoxide remaining in the gaseous fuel supplied to the fuel cells is adsorbed by the platinum-containing
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catalytic layer formed on the electrolyte membrane to interfere with the progress of the electrochemical reactions. In the
fuel cells systems of the embodiments discussed above, the CO reduction unit is arranged after the reformer unit to
reduce the concentration of carbon monoxide included in the gaseous fuel supplied to the fuel cells. The application of
the Cu-Zn catalyst to accelerate both the oxidation reaction and the steam reforming reaction of methanol and produce
the gaseous fuel having a low concentration of carbon monoxide in the reformer unit advantageously reduces the load
required for the CO reduction unit (that is, the amount of carbon monoxide to be oxidized in the CO reduction unit). This
arrangement enables the gaseous fuel having a sufficiently low concentration of carbon monoxide to be supplied to the
fuel cells even with the small-sized CO reduction unit. The CO reduction unit may be even omitted in the case where
the gaseous fuel produced in the reformer unit has a sufficiently low concentration of carbon monoxide. The arrangement
of using the Cu-Zn catalyst for accelerating both the steam reforming reaction and the oxidation reaction of methanol
lowers the concentration of carbon monoxide included in the gaseous fuel produced in the reformer unit and thereby
ensures the size reduction of the whole fuel cells system including this reformer unit.

[0215] The Cu-Zn catalyst used in the above embodiments is prepared from copper oxide (CuO) and zinc oxide (ZnO).
Another substance may be added in the process of coprecipitating these materials. For example, 2 to 5% of alumina
may be added in the process of coprecipitating copper oxide and zinc oxide to prepare the Cu-Zn catalyst. This composition
enhances the heat resistance of the Cu-Zn catalyst and improves the dispersion of copper and zinc oxide of the catalyst.
[0216] In the above description, the Cu-Zn catalyst, which is prepared from copper oxide and zinc oxide, is used as
the catalyst for accelerating both the steam reforming reaction and the oxidation reaction of methanol. A diversity of
copper-containing catalysts other than the Cu-Zn catalyst may alternatively be used to accelerate the steam reforming
reaction and the oxidation reaction of methanol and produce a gaseous fuel having a low concentration of carbon
monoxide. For example, the catalyst for accelerating both the reactions may be obtained from a combination of copper
oxide and chromium oxide (Cr,03), a combination of a copper oxide and silicon oxide (SiO,), or a combination of copper
oxide and an oxide of another metal. Such copper-containing catalysts may be manufactured by any methods suitable
for the materials, for example, the impregnation method, the kneading, method, and the ion exchange method, as well
as the coprecipitation method described previously.

Industrial Applicability

[0217] As described above, the fuel reformer device of the present invention is applied in fields of manufacture and
sale of fuel cells as well as in fields of manufacture and sale of electric vehicles with such fuel cells mounted thereon.

Claims

1. A fuel reformer device suitable for performing a steam reforming reaction, which is endothermic and produces
hydrogen from a hydrocarbon and steam, and an oxidation reaction, which is exothermic and oxidizes the hydro-
carbon, proceed and heat generated by the oxidation reaction is utilized for a progress of the steam reforming
reaction, said fuel reformer device comprising:

a catalytic section that includes a catalyst suitable for accelerating the steam reforming reaction and the oxidation
reaction;

a crude fuel gas supply unit for flowing a supply of a crude fuel gas containing the hydrocarbon and steam into
said catalytic section;

an oxidizing gas supply unit for flowing a supply of an oxidizing gas containing oxygen into said catalytic section;
a gaseous fuel output unit for causing a hydrogen rich gaseous fuel, which is produced through the steam
reforming reaction and the oxidation reaction proceeding in said catalytic section, to be output from said catalytic
section; and

an end cooling unit suitable for spraying a liquid containing at least one of the hydrocarbon and water into an
area on a side receiving the supply of the crude fuel gas and the supply of the oxidizing gas.

2. A fuel reformer device in accordance with claim 1 suitable for performing a steam reforming reaction, wherein the
hydrocarbon is methanol, and the catalyst for accelerating the steam reforming reaction and the oxidation reaction
is a single copper-containing catalyst.

3. A process for performing a steam reforming reaction in a fuel reformer device, said reaction being endothermic and
producing hydrogen from a hydrocarbon and steam, wherein an oxidation reaction, which is exothermic and oxidizes
the hydrocarbon, proceeds and heat generated by the oxidation reaction is utilized for a progress of the steam
reforming reaction, said fuel reformer device comprising:
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a catalytic section thatincludes a catalyst for accelerating the steam reforming reaction and the oxidation reaction;
a crude fuel gas supply unit that flows a supply of a crude fuel gas containing the hydrocarbon and steam into
said catalytic section;

an oxidizing gas supply unit that flows a supply of an oxidizing gas containing oxygen into said catalytic section;
a gaseous fuel output unit that causes a hydrogen rich gaseous fuel, which is produced through the steam
reforming reaction and the oxidation reaction proceeding in said catalytic section, to be output from said catalytic
section; and

an end cooling unit that sprays a liquid containing at least one of the hydrocarbon and water into an area on a
side receiving the supply of the crude fuel gas and the supply of the oxidizing gas.

A process for performing a steam reforming reaction in accordance with claim 3, wherein the hydrocarbon is methanol,
and

the catalyst for accelerating the steam reforming reaction and the oxidation reaction is a single copper-containing
catalyst.

Patentanspriiche

1.

Brennstoffreformervorrichtung, die geeignet ist zum Durchfiihren einer Dampfreformierungsreaktion, welche endo-
therm ist und Wasserstoff aus einem Kohlenwasserstoff und Dampf erzeugt, und einer Oxidationsreaktion, welche
exotherm ist und den Kohlenwasserstoff oxidiert, die voranschreiten und Warme, die durch die Oxidationsreaktion
erzeugt wird, fir ein Fortschreiten der Dampfreformierungsreaktion verwendet wird, wobei die Brennstoffreformer-
vorrichtung umfasst:

eine katalytische Sektion, die einen Katalysator beinhaltet, der zum Beschleunigen der Dampfreformierungs-
reaktion und der Oxidationsreaktion geeignet ist;

eine Rohbrennstoffgaszufihreinheit zum Stromen einer Zufuhr eines Rohbrennstoffgases, das den Kohlen-
wasserstoff und Dampf enthalt, in die katalytische Sektion;

eine Oxidationsgaszufiihreinheit zum Strémen einer Zufuhr eines oxidierenden Gases, das Sauerstoff enthalt,
in die katalytische Sektion;

eine Ausgabeeinheit flir gasférmigen Brennstoff zum Bewirken, das ein wasserstoffreicher gasformiger Brenn-
stoff, welcher durch die Dampfreformierungsreaktion und die Oxidationsreaktion, die in der katalytischen Sektion
voranschreiten, erzeugt wird, aus der katalytischen Sektion ausgegeben wird; und

eine Endkihleinheit, die geeignet ist zum Spriihen einer Flissigkeit, die zumindest eines aus dem Kohlenwas-
serstoff und Wasser enthélt, in einen Bereich an einer Seite, die die Zufuhr des Rohbrennstoffgases und die
Zufuhr des oxidierenden Gases empfangt.

Brennstoffreformervorrichtung nach Anspruch 1, die geeignet ist zum Durchfiihren einer Dampfreformierungsreak-
tion, wobei der Kohlenwasserstoff Methanol ist, und der Katalysator zum Beschleunigen der Dampfreformierungs-
reaktion und der Oxidationsreaktion ein einzelner Kupfer enthaltender Katalysator ist.

Verfahren zur Durchfiihrung einer Dampfreformierungsreaktion in einer Brennstoffreformervorrichtung, wobei die
Reaktion endotherm ist und Wasserstoff aus einem Kohlenwasserstoff und Dampf erzeugt, wobei eine Oxidations-
reaktion, welche exotherm ist und den Kohlenwasserstoff oxidiert, voranschreitet, und Wéarme, die durch die Oxi-
dationsreaktion erzeugt wird, fiir ein Fortschreiten der Dampfreformierungsreaktion verwendet wird, wobei die Brenn-
stoffreformervorrichtung umfasst:

eine katalytische Sektion, die einen Katalysator beinhaltet, zum Beschleunigen der Dampfreformierungsreaktion
und der Oxidationsreaktion;

eine Rohbrennstoffgaszufiihreinheit, die eine Zufuhr eines Rohbrennstoffgases, das den Kohlenwasserstoff
und Dampf enthalt, in die katalytische Sektion stromt;

eine Oxidationsgaszuflihreinheit, die eine Zufuhr eines oxidierenden Gases, das Sauerstoff enthalt, in die ka-
talytische Sektion strémt;

eine Ausgabeeinheit fir gasformigen Brennstoff, die Bewirkt, das ein wasserstoffreicher gasférmiger Brennstoff,
welcher durch die Dampfreformierungsreaktion und die Oxidationsreaktion, die in der katalytischen Sektion
voranschreiten, erzeugt wird, aus der katalytischen Sektion ausgegeben wird; und

eine Endkihleinheit, die eine Flissigkeit, die zumindest eines aus dem Kohlenwasserstoff und Wasser enthalt,
in einen Bereich an einer Seite spriiht, die die Zufuhr des Rohbrennstoffgases und die Zufuhr des oxidierenden
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Gases empfangt.

4. Verfahren zum Durchfihren einer Dampfreformierungsreaktion nach Anspruch 3, wobei der Kohlenwasserstoff

Methanol ist, und
der Katalysator zum Beschleunigen der Dampfreformierungsreaktion und der Oxidationsreaktion ein einzelner Kup-
fer enthaltender Katalysator ist.

Revendications

Dispositif de reformage de combustible approprié pour réaliser une réaction de reformage a la vapeur, qui est
endothermique et produit de I'hydrogéne a partir d’'un hydrocarbure et de vapeur, et une réaction d’oxydation, qui
est exothermique et oxyde I'hydrocarbure se déroulent et la chaleur produite par la réaction d’oxydation est utilisée
pour un avancement de la réaction de reformage a la vapeur, ledit dispositif de reformage de combustible
comprenant :

une section catalytique qui inclut un catalyseur approprié pour accélérer la réaction de reformage a la vapeur
et la réaction d’oxydation ;

une unité d’apport de gaz combustible brut pour faire circuler un apport d’'un gaz combustible brut contenant
I'hydrocarbure et de la vapeur dans ladite section catalytique ;

une unité d’apport de gaz oxydant pour faire circuler un apport d’'un gaz oxydant contenant de I'oxygéne dans
ladite section catalytique ;

une unité d’évacuation de combustible gazeux pour amener un combustible gazeux riche en hydrogéne, qui
est produit par la réaction de reformage a la vapeur et la réaction d’oxydation qui se déroulent dans ladite
section catalytique, a étre évacué de ladite section catalytique ; et

une unité de refroidissement final appropriée pour pulvériser un liquide contenant au moins I'un de I'hydrocarbure
et d’eau dans une zone sur un cdté recevant I'apport du gaz combustible brut et I'apport du gaz oxydant.

Dispositif de reformage de combustible selon la revendication 1 approprié pour réaliser une réaction de reformage
a la vapeur, ou I'hydrocarbure est le méthanol et le catalyseur pour accélérer la réaction de reformage a la vapeur
et la réaction d’oxydation est un seul catalyseur contenant du cuivre.

Procédé pour réaliser une réaction de reformage a la vapeur dans un dispositif de reformage de combustible, ladite
réaction étant endothermique et produisant de I'hydrogéne a partir d’'un hydrocarbure et de vapeur, ou une réaction
d’oxydation, qui estexothermique et oxyde I'hydrocarbure, se déroule etla chaleur produite par la réaction d’oxydation
est utilisée pour un avancement de la réaction de reformage a la vapeur, ledit dispositif de reformage de combustible
comprenant :

une section catalytique qui inclut un catalyseur approprié pour accélérer la réaction de reformage a la vapeur
et la réaction d’oxydation ;

une unité d’apport de gaz combustible brut pour faire circuler un apport d’'un gaz combustible brut contenant
I'hydrocarbure et de la vapeur dans ladite section catalytique ;

une unité d’apport de gaz oxydant pour faire circuler un apport d’'un gaz oxydant contenant de 'oxygéne dans
ladite section catalytique ;

une unité d’évacuation de combustible gazeux pour amener un combustible gazeux riche en hydrogéne, qui
est produit par la réaction de reformage a la vapeur et la réaction d’oxydation qui se déroulent dans ladite
section catalytique, a étre évacué de ladite section catalytique ; et

une unité de refroidissement final appropriée pour pulvériser un liquide contenant au moins I'un de I'hydrocarbure
et d’eau dans une zone sur un c6té recevant I'apport du gaz combustible brut et I'apport du gaz oxydant.

Procédé pour réaliser une réaction de reformage a la vapeur selon la revendication 3 ou I'hydrocarbure est le
méthanol et

le catalyseur pour accélérer la réaction de reformage a la vapeur et la réaction d’oxydation est un seul catalyseur
contenant du cuivre.
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